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SUMMARY 
This  r e p o r t  d e s c r i b e s  t h e  t h i r d  and updated v e r s i o n  o f  a n  economet r i c  
model o f  t h e  N e w  Zealand p a s t o r a l  l i v e s t o c k  s e c t o r .  I t  u p d a t e s  t h e  e s t i m a t i o n  
work p r e s e n t e d  i n  e a r l i e r  p a p e r s  and d i s c u s s e s  t h e  t h e o r e t i c a l  s t r u c t u r e  o f  
t h e  e a r l i e r  model p l u s  t h e  c u r r e n t  e x t e n s i o n  i n  some d e t a i l .  
P r i m a r i l y  f o r  conven ience  i n  p r e s e n t a t i o n ,  t h e  o v e r a l l  model is broken 
i n t o  t h r e e  sub-models; t h e  income and i n v e s t m e n t  model, t h e  l i v e s t o c k  numbers 
and p r o d u c t i o n  model and t h e  consumption,  s t o c k s  and e x p o r t  model. 
The o b j e c t i v e s  o f  t h e  model b u i l d i n g  p r o j e c t  have been t o  a i d  i n  t h e  
u n d e r s t a n d i n g  o f  t h e  economic i n t e r - r e l a t i o n s h i p s  i n  t h e  l i v e s t o c k  s e c t o r s  
and t o  p r o v i d e  an  i n s t r u m e n t  which c o u l d  be used t o  moni to r  deve lopments ,  
and a i d  p o l i c y  d e c i s i o n  making i n  t h a t  s e c t o r .  
The f o c u s  o f  t h e  model i s  t h e  s u p p l y  dynamics i n  t h e  l i v e s t o c k  i n d v s t r y  
which depend on t h e  d e c i s i o n  making o f  t h e  i n d i v i d u a l  f a r m e r s  i n v o l v e d .  
Because o f  t h e  importance  o f  farm i n v e s t m e n t  i n  e x p l a i n i n g  t h e  l e v e l  o f  
s t o c k  numbers and p e r  head s t o c k  pe r fo rmance ,  changes  i n  i n v e s t m e n t  a r e  
t r e a t e d  a s  e x p l i c i t  endogenous v a r i a b l e s  i n  t h e  model. 
The r e l i a b i l i t y  of t h e  e s t i m a t e d  model i n  d e s c r i b i n g  t h e  s t r u c t u r e  and 
b e h a v i o u r  of t h e  p a s t o r a l  s e c t o r  is  t e s t e d  th rough  h i s t o r i c a l  s i m u l a t i o n  
a n a l y s i s  and th rough  t h e  g e n e r a t i o n  o f  e l a s t i c i t i e s  r e f l e c t i n g  t h e  m o d e l ' s  
r e s p o n s i v e n e s s  t o  changes  i n  major  exogenous v a r i a b l e s  such  a s  farm-gate  
p r i c e s ,  f e r t i l i s e r  p r i c e s ,  and i n t e r e s t  r a t e s .  
Pe rhaps  t h e  most c l e a r - c u t  i m p l i c a t i o n  o f  t h e  e l a s t i c i t y  a n a l y s i s  f o r  
a g r i c u l t u r a l  p o l i c y  is t h e  r e c o g n i t i o n  t h a t  t h e  e f f e c t s  o f  p o l i c y  a r e  
u b i q u i t o u s  th roughout  t h e  p a s t o r a l  s e c t o r .  P o l i c y  i n s t r u m e n t s  t a r g e t e d  
on p a r t i c u l a r  v a r i a b l e s  i n  t h e  s y s t e m  i n d i r e c t l y  a f f e c t  e v e r y  o t h e r  v a r i a b l e ,  
sometimes immedia te ly ,  b u t  more o f t e n  o v e r  t h e  l o n g e r  term.  The e l a s t i c i t i e s  
a l s o  r e v e a l  s t r o n g  c o m p e t i t i o n  between t h e  sheep  and b e e f ,  and d a i r y  compon- 
e n t s  of  t h e  p a s t o r a l  l i v e s t o c k  s e c t o r ,  s o  t h a t  p o l i c i e s  d i r e c t e d  s p e c i f i c a l l y  
a t  e i t h e r  component w i l l  c e r t a i n l y  i n d i r e c t l y  a f f e c t  t h e  c o m p e t i t i v e  
e n t e r p r i s e .  
Though t h e  e f f e c t  o f  a g r i c u l t u r a l  p o l i c y  on l i v e s t o c k  numbers and 
farm p r o d u c t i o n  from c o m p e t i t i v e  e n t e r p r i s e s  is i n h e r e n t l y  s p r e a d  o v e r  t h e  
l o n g e r  term, t h e  e f f e c t  o f  t h e s e  p o l i c i e s  on f a rm incomes  and  e x p e n d i t u r e  
is more immed ia t e .  C u r r e n t  e x p e n d i t u r e ,  e s p e c i a l l y  on f e r t i l i s e r  and  
r e p a i r s  and  m a i n t e n a n c e ,  is  s e n s i t i v e  t o  c h a n g e s  i n  g r o s s  income.  A s  a  
c o n s e q u e n c e ,  n e t  income t e n d s  t o  b e  more s e n s i t i v e  t h a n  g r o s s  income t o  
p r i c e  c h a n g e s .  
The u b i q u i t o u s  e f f e c t s  o f  a g r i c u l t u r a l  p o l i c y  are a l s o  c l e a r l y  s e e n  
i n  t h e  s h o r t  and  long - run  e f fec ts  o f  c h a n g e s  i n  f a r m - g a t e  p r i c e s  and  i n t e r e s t  
ra tes  o n  t h e  c o m p o s i t i o n  o f  c a p i t a l  assets h e l d  on  p a s t o r a l  f a r m s .  These  
p r i c e  a n d  i n t e r e s t  r a t e  c h a n g e s  a f f e c t  b o t h  t h e  a v a i l a b i l i t y  o f  f u n d s  f o r  
c a p i t a l  i n v e s t m e n t ,  and  t h e  p r o f i t a b i l i t y  o f  i n v e s t m e n t  i n  p a r t i c u l a r  assets.  
I n  t h e  s h o r t - r u n ,  t h e  e f f e c t  o f  h i g h e r  p r i c e s  on c a p i t a l  i n v e s t m e n t  i s  
l a r g e l y  income r e l a t e d ,  s o  t h a t  more e a s i l y  a c q u i r e d  a s s e t s  s u c h  as  p l a n t  
and  m a c h i n e r y ,  and  o f f - f a r m  i n v e s t m e n t  a r e  b o u g h t .  Farm p u r c h a s e  a c t i v i t y  
i s  a l s o  v e r y  income d e p e n d e n t .  I n  t h e - l o n g e r - r u n ,  more p r o d u c t i v e  a s s e t s  
( i n  terms o f  o u t p u t )  a r e  a c q u i r e d  d u e  t o  t h e i r  h i g h e r  p r o f i t a b l l l t y ,  and  
t h e  f a c t  t h a t  i n i t i a l  i n v e s t m e n t  d e c i s i o n s  o f t e n  d e t e r m i n e  s u b s e q u e n t  , 
i n v e s t m e n t  i n  t h e s e  a s s e t s .  The s t r o n g  e f fec t  o f  farm p u r c h a s e  on  l a n d  
d e v e l o p m e n t  e x p e n d i t u r e  is  a  good example  o f  t h i s .  Again ,  t h i s  t y p e  o f  
e f f e c t  is e s s e n t i a l l y  l o n g - r u n  i n  n a t u r e .  These  i n t e r - r e l a t i o n s h i p s  be tween  
v a r i o u s  c a t e g o r i e s  o f  a s s e t  a r e  a n  i m p o r t a n t  c o n t r i b u t i o n  t o  u n d e r s t a n d i n g  
t h e  l o n g - r u n  e f f e c t s  o f  c h a n g e s  i n  f a r m  incomes  and  p r o f i t a b i l i t y ,  w h e t h e r  
o r i g i n a t i n g  f rom t h e  m a r k e t  o r  p o l i c y  i n s t r u m e n t s .  
The l o g i c a l  avenue  f o r  f u r t h e r  a n a l y s i s  u s i n g  t h e  model i s  i n  t h e  a r e a  
o f  f o r e c a s t i n g  and  p o l i c y  s i m u l a t i o n s ,  a l l o w i n g  a l l  exogenous  v a r i a b l e s  t o  
move a t  t h e  same time. The v a l i d a t i o n  r e s u l t s  d i s c u s s e d  i n  t h i s  r e p o r t  
s u g g e s t  t h e  model  w i l l  p e r f o r m  f a v o u r a b l y  i n  t h e s e  a r e a s  o f  a p p l i c a t i o n .  
( x v i )  
CHAPTER 1 
I N T R O D U C T I O N  
1.1 Background t o  Research 
T h i s  r e p o r t  d e s c r i b e s  t h e  t h i r d  and updated v e r s i o n  o f  an  e c o n o m e t r i c '  
model o f  t h e  New Zealand l i v e s t o c k  s e c t o r  which h a s  evo lved  o v e r  a  number 
o f  y e a r s  (Laing and Zwart ,  1981;  La ing ,  1 9 8 2 ) .  Th i s  e v o l u t i o n  h a s  i n v o l v e d  
n o t  o n l y  an  i n c r e a s e  i n  t h e  s i z e  and coverage  o f  t h e  model, b u t  a l s o  a  
r e f i n e m e n t  o f  t h e  t h e o r e t i c a l  background. 
The i n i t i a l  v e r s i o n  o f  t h e  model f o c u s s e d  p r i m a r i l y  on e x p l a i n i n g  
t h e  f a c t o r s  which i n f l u e n c e  l i v e s t o c k  numbers and t h e  r e s u l t a n t  a g r i c u l t u r a l  
p r o d u c t i o n  from t h e  b e e f ,  s h e e p  and d a i r y  i n d u s t r i e s .  The d i s c u s s i o n  o f  
r e s u l t s  from t h i s  model (La ing  and Zwart ,  1981)  r e c o g n i s e d  t h e  impor tance  
of  farm inves tment  a s  a  d e t e r m i n a n t  o f  a g r i c u l t u r a l  o u t p u t  and i n  t h e  
second  v e r s i o n  o f  t h e  model,  farm incomes and i n v e s t m e n t  were inc luded ,  a s  
endogenous v a r i a b l e s .  T h i s  was a c h i e v e d  by s p e c i f y i n g  a n  i n v e s t m e n t  model 
based  on t r a d i t i o n a l  t h e o r i e s  o f  i n v e s t m e n t  behav iour .  A m o d i f i e d  f l e x i b l e  
a c c e l e r a t i o n  mechanism was u t i l i s e d  t o  r e p r e s e n t  t h e  a d j u s t m e n t  o f  c a p i t a l  
s t o c k  t o  its d e s i r e d  l e v e l .  The d e s i r e d  l e v e l  of  c a p i t a l  i n v e s t e d  i n  
mach inery ,  p l a n t ,  b u i l d i n g s  and l a n d  development was de te rmined  i n  a  
n e o c l a s s i c a l  f o r m u l a t i o n  t o  b e  a  f u n c t i o n  o f  t h e  expec ted  r e t u r n s  r e l a t i v e  
t o  t h e  c o s t  o f  c a p i t a l  s e r v i c e s .  The e s t i m a t e d  c a p i t a l  i n v e s t m e n t  f u n c t i o n s  
( L a i n g ,  1982)  were n o t  p a r t i c u l a r l y  s u c c e s s f u l  and a l t h o u g h  t h e y  d i d  n o t  
a f f e c t  t h e  o v e r a l l  performance o f  t h e  model t o  any marked e x t e n t ,  i t  was 
f e l t  n e c e s s a r y  t o  c o n t i n u e  r e s e a r c h  i n  t h i s  a r e a .  The r e - s p e c i f i c a t i o n  
o f  t h e  farm income and c a p i t a l  i n v e s t m e n t  component h a s  r e s u l t e d  i n  c o n s i d e r -  
a b l y  improved r e s u l t s  and is r e p o r t e d  i n  t h e  p r e s e n t  v e r s i o n .  The model a l s o  has  
been  expanded t o  i n c l u d e  e q u a t i o n s  which a c c o u n t f o r  t h e  t r a n s f o r m a t i o n  o f  
raw a g r i c u l t u r a l  p r o d u c t s  such  a s  meat and m i l k f a t  t o  e x p o r t e d  p r o d u c t ,  
and f o r e i g n  exchange e a r n i n g s .  I n  some c a s e s  such  a s  lamb, where t h e  l e v e l  
o f  l o c a l  consumption and s t o c k s ,  o r  t h e  d e g r e e  o f  p r o d u c t  t r a n s f o r m a t i o n  
is r e l a t i v e l y  s m a l l  t h i s  h a s  been s t r a i g h t - f o r w a r d ,  b u t  f o r  o t h e r  p r o d u c t s  
s u c h  a s  d a i r y  t h e  s i t u a t i o n  is  f a r  more complex. In t h i s  c a s e  i t  h a s  
become n e c e s s a r y  t o  model t h e  produce-choice  d e c i s i o n s  which f a c e  t h e  
i n d u s t r y .  D e s p i t e  t h e  c o m p l e x i t i e s ,  however, t h e  r e s u l t s  would i n d i c a t e  
t h a t  t h e  expans ion  o f  t h e  model i n  t h i s  a r e a  h a s  been s u c c e s s f u l ,  and t h e  
a b i l i t y  t o  f o r e c a s t  s t o c k s  and t r a d e  s h o u l d  enhance t h e  u s e f u l n e s s  o f  t h e  
model f o r  p o l i c y  a n a l y s i s .  
T h i s  r e p o r t  g i v e s  a  summary o f  t h e  t h e o r e t i c a l  model and i t s  e s t i m a t i o n  
and v a l i d a t i o n .  I t  updates much o f  t h e  e s t i m a t i o n  work p resen ted  i n  e a r l i e r  
papers and d iscusses t h e  t h e o r e t i c a l  s t r u c t u r e  o f  t he  e a r l i e r  model p l u s  t h e  
c u r r e n t  ex tens ion  i n  some d e t a i l .  P r i m a r i l y  f o r  convenience i n  p r e s e n t a t i o n ,  
t h e  o v e r a l l  model i s  broken i n t o  t h r e e  sub-models; t h e  income and inves tment  
model, t h e  l i v e s t o c k  numbers and p r o d u c t i o n  model and t h e  consumption,stocks 
and e x p o r t  model. A l though these  models t end  t o  be t r e a t e d  i ndependen t l y  i n  
t h e  r e p o r t  i t  shou ld  be no ted  t h a t  cons ide rab le  interdependence does e x i s t  
between them. 
The f o l l o w i n g  s e c t i o n  p resen ts  a  b r i e f  overv iew o f  t h e  complete model, 
and subsequent chap te rs  d i scuss  each o f  t h e  sub-models from t h e  t h e o r e t i c a l  
model th rough  t o  es t ima t i on .  The f i n a l c h a p t e r s d i s c u s s  t h e  v a l i d a t i o n  o f  
t h e  complete model and p resen t  a  d e s c r i p t i o n  o f  t h e  dynamic m u l t i p l i e r s .  
1.2 Overview % 
Throughout t h e  development o f  t h e  p a s t o r a l  s e c t o r  model t h e  o b j e c t i v e s  
and scope o f  t h e  model have changed ve ry  l i t t l e  from those o u t l i n e d  i n  
L a i n g  and Zwart (1981).  
The p r ima ry  o b j e c t i v e s  o f  t h e  model b u i l d i n g  p r o j e c t  have been t o  a i d  
i n  t h e  unders tand ing  o f  t h e  economic i n t e r - r e l a t i o n s h i p s  i n  t h e  l i v e s t o c k  
s e c t o r s  and t o  p r o v i d e  an i ns t rumen t  which c o u l d  be used t o  m o n i t o r  develop- 
ments, and a i d  p o l i c y  d e c i s i o n  making i n  t h a t  sec to r .  The scope o f  t h e  
model i s  l i m i t e d  t o  t h e  major l i v e s t o c k  sec to r s .  
The sheep, bee f  and d a i r y  s e c t o r s  make up t h e  major p a r t  o f  New 
Zea land 's  a g r i c u l t u r a l  a c t i v i t y  and a r e  c l o s e l y  l i n k e d  th rough t h e  s h a r i n g  
o f  t h e  p a s t o r a l  resource.  The geog raph i ca l  c o n d i t i o n s  i n  t h e  g r e a t e s t  p a r t  
o f  t h e  c o u n t r y  l i m i t  s u b s t i t u t i o n  between fa rming  a c t i v i t i e s  wh ich  a r e  
n o r m a l l y  r u n  on a  s i n g l e  p rope r t y ,  b u t  s u b s t i t u t i o n  a l s o  occurs  between 
d a i r y  f a rm ing  and t h e  o t h e r  sec to r s .  The dependence o f  these  s e c t o r s  on 
i n t e r n a t i o n a l  markets has a l s o  made i t  conven ien t  t o  use i n t e r n a t i o n a l  
p r o d u c t  p r i c e s  as exogenous v a r i a b l e s  i n  t h e  model. Whi le t h e r e  i s  undoubt- 
e d l y  a  degree o f  s i m u l t a n e i t y  between t h e  supp ly  o f  expo r t  a g r i c u l t u r a l  
p r o d u c t s  and t h e  p r i c e s  rece ived ,  t hese  e f f e c t s  have n o t  been mode l led  a t  
t h i s  s tage.  
The f o c u s  o f  t h e  model is t h e  s u p p l y  dynamics i n  t h e  l i v e s t o c k  i n d u s t r y  
which depend on t h e  d e c i s i o n  making o f  t h e  i n d i v i d u a l  f a r m e r s  i n v o l v e d .  
A s  d i s c u s s e d  i n  Laing (1982)  most e c o n o m e t r i c  models o f  l i v e s t o c k  r e s p o n s e  
h a v e  conce ived  t h e  f a r m e r s  decis ion-making p r o c e s s  a s  a  c o n s t r a i n e d  dynamic 
o p t i m i s a t i o n  problem. The u s u a l  a s sumpt ions  made a r e  t h a t  t h e  f a r m e r ' s  
o b j e c t i v e  is  t o  maximise p r o f i t s  o v e r  t i m e ,  and t h e  c o n s t r a i n t s  r e f l e c t  t h e  
p r o d u c t i o n  f u n c t i o n  and f i x e d  r e s o u r c e s  which t h e  p roducer  owns. Using a  
g e n e r a l  ma themat ica l  s p e c i f i c a t i o n  o f  t h i s  problem, i t  i s  p o s s i b l e  t o  d e r i v e  
a n  e s t i m a t i n g  form o f  a  s u p p l y  f u n c t i o n  f o r  l i v e s t o c k .  Examples o f  such  
models  i n c l u d e  t h e  New Zealand s t u d i e s  by Cour t  (1967)  and Tweedie and 
Spencer  (1980) .  
I n  t h e  model deve loped  i n  t h i s  s t u d y  a  more g e n e r a l  view o f  t h e  farm 
d e c i s i o n  making p r o c e s s  is t a k e n .  Because o f  t h e  impor tance  o f  farm 
i n v e s t m e n t  i n  e x p l a i n i n g  t h e  l e v e l  o f  s t o c k  numbers and p e r  head s t o c k  
pe r fo rmance ,  changes  i n  i n v e s t m e n t  a r e  t r e a t e d  a s  e x p l i c i t  endogenous 
v a r i a b l e s  i n  t h e  model. T h i s  n e c e s s i t a t e s  t h e  development o f  a  sub-mqdel 
which a t t e m p t s  t o  e x p l a i n  t h e  manner i n  which farm i n v e s t m e n t  d e c i s i o n s  
are f o r m u l a t e d .  These d e c i s i o n s  a r e  r e l a t e d  t o  c u r r e n t  o u t p u t  and p r i c e s  
t h r o u g h  income which a c t s  a s  a  c o n s t r a i n t  on farm i n v e s t m e n t ,  e i t h e r  a s  a  
d i r e c t  s o u r c e  o f  funds  o r  t h r o u g h  t h e  a b i l i t y  t o  s e r v i c e  d e b t  which might 
b e  r e q u i r e d  f o r  i n v e s t m e n t .  A s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  o v e r a l l  
model is  p r e s e n t e d  i n  F i g u r e  1, and shows t h e  g e n e r a l  l i n k a g e s  between 
t h e  l i v e s t o c k  numbers and p r o d u c t i o n  sub-model and t h e  farm income and 
i n v e s t m e n t  sub-model. The l a t t e r  sub-model would normal ly  r e p r e s e n t  t h e  
l i v e s t o c k  s u p p l y  r e s p o n s e  f u n c t i o n  by measur ing t h e  d i r e c t  r e l a t i o n s h i p s  
between p r i c e s  and l i v e s t o c k  numbers and o u t p u t ,  b u t  i n  t h i s  c a s e  t h e  
e x p l i c i t  mode l l ing  o f  t h e  i n v e s t m e n t  d e c i s i o n s  i n  c o n j u n c t i o n  w i t h  t h e  
s u p p l y  r e s p o n s e  p r o v i d e s  n o t  o n l y  more u s e f u l  i n f o r m a t i o n  on t h e s e  r e l a t i o n -  
s h i p s ,  b u t  a l s o  a  u s e f u l  t o o l  f o r  p o l i c y  a n a l y s i s .  I n  New Zealand many o f  
t h e  a g r i c u l t u r a l  p o l i c i e s  r e l a t e  t o  changing i n v e s t m e n t  c o n d i t i o n s  f o r  
p r o d u c e r s .  I t  i s  i m p o r t a n t  t o  b e  a b l e  t o  e s t a b l i s h  t h e  t r a d e - o f f s  t h a t  
e x i s t  between inves tment  r e l a t e d  and d i r e c t  p r i c e - r e l a t e d ,  o r  a l t e r n a t i v e  
p o l i c y  i n s t r u m e n t s .  Because t h e  m a j o r i t y  o f  t h e  d a t a  a v a i l a b l e  f o r  under-  
s t a n d i n g  farmer  d e c i s i o n s  o f  t h i s  t y p e  came from s u r v e y  d a t a ,  t h e  farm 
income and a  p r o p o r t i o n  o f  t h e  i n v e s t m e n t  sub-model is deve loped  a t  t h e  
farm l e v e l  and t h e n  r e l a t e d  t h r o u g h  b e h a v i o u r a l  r e l a t i o n s h i p s  t o  t h e  produc- 
t i o n  v a r i a b l e s .  I n d i v i d u a l  i n v e s t m e n t  models a r e  deve loped  f o r  s h e e p  and 
b e e f  f a rms  and d a i r y  farms u s i n g  d a t a  p r i m a r i l y  from t h e  New Zealand Meat 

and Wool Boards ' Economic S e r v i c e ,  t h e  New' Zealand Dairy  Board,  and t h e  
New Zealand Department o f  S t a t i s t i c s  annua l  farm s u r v e y s .  
The t h i r d  major component o f  t h e  o v e r a l l  model e x p l a i n s  t h e  l e v e l  o f  
d o m e s t i c  consumption and s t o c k s  f o r  t h e  major a g r i c u l t u r a l  p r o d u c t s  which 
a r e  d e r i v e d  from t h e  p a s t o r a l  s e c t o r .  From t h e  knowledge o f  t h e s e  v a r i a b l e s  
and t h e  l e v e l  o f  p r o d u c t i o n  i t  is  p o s s i b l e  t o  d e r i v e  e x p o r t s  a s  a  r e s i d u a l .  
Given thk assumpt ion o f  exogenous  e x p o r t  p r i c e s  it becomes a  r e l a t i v e l y  
s i m p l e  m a t t e r  t o  e v a l u a t e  t h e  F.O.B. v a l u e  o f  e x p o r t s .  The pr ime f u n c t i o n  
o f  t h i s  sub-model is t o  a l l o w  t h e  f o r e i g n  exchange i m p l i c a t i o n s  o f  a l t e r n a t i v e  
p o l i c i e s  t o  b e  e v a l u a t e d .  
Of p a r t i c u l a r  impor tance  is  t h e  a b i l i t y  o f  t h e  model t o  d e f i n e  t h e  
time p a t h  o f  r e s p o n s e  from an i n i t i a l  p r i c e  o r  p o l i c y  change t o  e v e n t u a l  
c h a n g e s  i n  e x p o r t  p r o d u c t i o n .  Al though t h i s  mode l l ing  is  r e l a t i v e l y  
s t r a i g h t - f o r w a r d  f o r  t h e  meat and wool s e c t o r s ,  t h e  m u l t i - p r o d u c t  n a t q r e  
o f  t h e  d a i r y  i n d u s t r y  makes it n e c e s s a r y  t o  model t h e  p r o d u c t i o n  d e c i s i o n s  
f o r  a  r a n g e  o f  p r o d u c t s .  C o n t r o l  o v e r  t h e  p r o d u c t i o n  d e c i s i o n s  is l a r g e l y  
t h e  r e s p o n s i b i l i t y  o f  t h e  N e w  Zea land  Dairy  Board who c o n t r o l  t h e  i n t e r n a -  
t i o n a l  m a r k e t i n g  o f  New Z e a l a n d ' s  d a i r y  p r o d u c t s .  I n  t h e  sub-model, 
p r o d u c t i o n  a t  t h e  farm l e v e l  is l i n k e d  t o  t h e  e x p o r t s  o f  wool,  mut ton,  
lamb, pr ime and manufac tu r ing  b e e f  and s i x  major c a t e g o r i e s  o f  d a i r y  
p r o d u c t s .  Together  t h e s e  p r o d u c t s  make up a  ve ry  h i g h  p r o p o r t i o n  o f  
New Z e a l a n d ' s  a g r i c u l t u r a l  e x p o r t s  and a lmos t  a l l  o f  t h e  e x p o r t s  from 
t h e  p a s t o r a l  s e c t o r .  
T h i s  v e r y  b r i e f  overview o f  t h e  model h a s  g iven  an i d e a  o f  t h e  scope  
and s t r u c t u r e  o f  t h e  model. A l t o g e t h e r  t h e  model c o m p r i s e s  a l m o s t  200 
r e l a t i o n s h i p s  o f  which 65 a r e  e c o n o m e t r i c a l l y  e s t i m a t e d  b e h a v i o u r a l  r e l a t i o n -  
s h i p s .  To f a c i l i t a t e  t h e  d i s c u s s i o n ,  each  o f  t h e  sub-models a r e  d i s c u s s e d  
s e p a r a t e l y  i n  t h e  s u c c e e d i n g  c h a p t e r s .  The c a p i t a l  i n v e s t m e n t  model i s  
d i s c u s s e d  i n i t i a l l y  a s  i t  r e p r e s e n t s  t h e  farm d e c i s i o n  making p r o c e s s  which 
is s e e n  t o  be  a t  t h e  c o r e  o f  t h e  o v e r a l l  model. The l i v e s t o c k  number 
r e l a t i o n s h i p s ,  however, a r e  c l o s e l y  r e l a t e d  t o  t h e  i n v e s t m e n t  d e c i s i o n s  
and would a t  least  c o n c e p t u a l l y  b e  a n  i n t e g r a t e d  p a r t  o f  t h e  farm d e c i s i o n  
making p r o c e s s .  That  t h e y  a r e  n o t  t r e a t e d  i n  such  a  manner i n  t h e  r e p o r t i n g  
o f  t h e  model is a  m a t t e r  o f  c o n v e n i e n c e  o f  p r e s e n t a t i o n .  

CHAPTER 2  
THE FARM INCOME AND CAPITAL INVESTMENT MODEL 
2 . 1  I n t r o d u c t i o n  
The pr imary f u n c t i o n  o f  t h i s  component o f  t h e  model is  t o  d e v e l o p  a n  
u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p s  t h a t  e x i s t  between farm incomes and t h e  
l e v e l  o f  i n v e s t m e n t  i n  a g r i c u l t u r a l  p r o d u c t i o n .  A s  h a s  been p r e v i o u s l y  
d i s c u s s e d ,  t h i s  s e c t i o n  o f  t h e  model h a s  undergone s u b s t a n t i a l  r e v i s i o n  
t h r o u g h  v a r i o u s  v e r s i o n s  o f  t h e  model. The f i n a l  approach h a s  been a n  
a t t e m p t  t o  deve lop  a  ve ry  g e n e r a l  framework f o r  a n a l y s i n g  farm i n v e s t m e n t  
d e c i s i o n s .  I n  t h e  m a j o r i t y  o f  models  which a n a l y s e  s u p p l y  r e s p o n s e  o f  
p a s t o r a l  s e c t o r s ,  c o n s i d e r a b l e  emphas i s  h a s  been p l a c e d  on l i v e s t o c k  a s  t h e  
major  form o f  c a p i t a l  i n v o l v e d  ( s e e  f o r  example J a r v i s ,  1974 ;  F r e e b a i r n ,  
1973 ;  and Reynolds and Gardner ,  1 9 8 0 ) .  Although inves tment  i n  o t h e r  
f a c t o r s  o f  p r o d u c t i o n  i s  i m p l i c i t  i n  t h e s e  models,  t h e  major emphas i s  h a s  
been p l a c e d  on t h e  r e l a t i o n s h i p  between l i v e s t o c k  numbers and o u t p u t  p y i c e s .  
I f  a  more g e n e r a l  view is t a k e n ,  however,  t h e n  t h e s e  o t h e r  i n p u t s  c a n  be 
viewed a s  c a p i t a l  a s s e t s  and i n  many c a s e s  have s i m i l a r  c h a r a c t e r i s t i c s  t o  
t h o s e  which have been a t t r i b u t e d  t o  l i v e s t o c k  a s s e t s .  T h i s  s i t u a t i o n  is  
p r o b a b l y  most e v i d e n t  i n  p a s t o r a l  l i v e s t o c k  s i t u a t i o n s ,  where i n  o r d e r  t o  
i n c r e a s e  o u t p u t ,  t h e  p roducer  must  n o t  o n l y  i n v e s t  i n  i n c r e a s e d  l i v e s t o c k ,  
b u t  a l s o  i n  o t h e r  i n p u t s  which w i l l  l e a d  t o  i n c r e a s e d  p a s t o r a l  p r o d u c t i o n .  
For  example ,  i n v e s t m e n t  i n  l a n d  c l e a r i n g ,  f e n c i n g ,  long- term f e r t i l i s e r s  
s u c h  a s  phospha te  and lime, and even m a n a g e r i a l  s k i l l s  a r e  a n e c e s s a r y  p a r t  
of  i n c r e a s i n g  l i v e s t o c k  numbers and o u t p u t .  B e s i d e s  t h e  d i r e c t  e f f e c t  o f  
t h e s e  a s s e t  d e c i s i o n s  on l i v e s t o c k  numbers t h e y  may a l s o  have a n  impac t  on 
p e r  an imal  performance.  P r o v i s i o n  o f  b e t t e r  f a c i l i t i e s  and improved p a s t u r e  
q u a l i t y  and o u t p u t  would g e n e r a l l y  l e a d  t o  i n c r e a s e d  p r o d u c t i o n .  
2.2 A Farm Inves tment  Model 
A broad approach  t o  farm i n v e s t m e n t  d e c i s i o n s  would be  t o  view t h e  
p r o d u c e r  a s  a  p o r t f o l i o  manager who h a s  a t  h i s  d i s p o s a l  a  wide  r a n g e  o f  
p o t e n t i a l  a s s e t s  which have c o n s i d e r a b l y  d i f f e r e n t  c h a r a c t e r i s t i c s  and 
y e t  c a n  be  r e l a t e d  t o  one a n o t h e r  t h r o u g h  t h e  farm p r o d u c t i o n  p r o c e s s .  
The f a r m e r  a t t e m p t s  t o  maximise h i s  u t i l i t y  th rough  t h e  b a l a n c i n g  o f  a  
wide  r a n g e  o f  b o t h  farm and non-farm a s s e t s  which compete f o r  a v a i l a b l e  
income and e q u i t y .  Inves tment  and a l t e r n a t i v e  a s s e t s  w i l l  have  d i f f e r e n t  
e f f e c t s  on a  p r o d u c e r ' s  u t i l i t y ,  n e t  w o r t h ,  farm p r o f i t  and o u t p u t .  
I t  is g e n e r a l l y  presumed i n  models which a n a l y t i c a l l y  d e r i v e  e s t i m a t i o n  
e q u a t i o n s f o r  s u p p l y  r e s p o n s e  t h a t  t h e  p r o d u c e r ' s  o b j e c t i v e  is t o  maximise 
farm p r o f i t s  o v e r  time. Many i n v e s t m e n t s ,  however, have e f f e c t s  on more 
t h a n  s i m p l y  farm income. For example,  s t u d i e s  o f  t h e  r e a s o n s  f o r  i n c r e a s e s  
i n  l a n d  v a l u e s  have l e d  t o  an  a c c e p t a n c e  o f  t h e  i d e a  t h a t  p r o d u c e r s  a r e  
a l s o  concerned  a b o u t  e x p e c t e d  and r e a l  c a p i t a l  g a i n s  i n  t h e  v a l u e  o f  a s s e t s  
which t h e y  own o r  p u r c h a s e  ( s e e  f o r  example R e i n s e l  and R e i n s e l ,  1 9 7 9 ;  
and H i l l ,  1 9 8 2 ) .  For  t h i s  r e a s o n ,  i t  is  f e l t  t h a t  a  more a p p r o p r i a t e  
o b j e c t i v e  f u n c t i o n  would be  t o  maximise a  p r o d u c e r ' s  u t i l i t y  f u n c t i o n  which 
h a s  a s  i ts  major arguments  bo th  t h e  l e v e l s  o f  consumption and a l s o  a  l e v e l  
o f  w e a l t h  o r  e q u i t y .  Thus, t h e  p r o d u c e r ' s  u t i l i t y  f u n c t i o n  might  b e  o f  
t h e  f o l l o w i n g  g e n e r a l  form; 
U = UCC(t), w ( t ) l  ( 1 )  
where:  C is t h e  l e v e l  o f  consumption e x p e n d i t u r e s ,  and . 
W i s  a  measure o f  t h e  p r o d u c e r ' s  e q u i t y .  
T h i s  h a s  been f o r m u l a t e d  a s  a  v e r y  g e n e r a l  s p e c i f i c a t i o n  which c o u l d  p r e -  
sumably r e l a t e  t o  a  f low o f  consumption o v e r  time and p o s s i b l y  t o  a n  e q u i t y  
l e v e l  measured a t  a  p a r t i c u l a r  p o i n t  i n  time. 
P r o d u c e r ' s  e q u i t y  o r  w e a l t h  c a n  b e  measured i n  a  g e n e r a l  b a l a n c e  s h e e t  
e q u a t i o n  as t h e  v a l u e  o f  a s s e t s  which t h e  p roducer  owns minus any o u t s t a n d -  
i n g  d e b t ;  
where: P .  is t h e  v a l u e  o f  a s s e t  i i n  p e r i o d  t ,  
l t 
V i t  is t h e  l e v e l  o r  s t o c k  o f  a s s e t  i i n  p e r i o d  t ,  and 
Dt is t h e  l e v e l  o f  d e b t  i n  p e r i o d  t .  
T h i s  r e l a t i o n s h i p  is  a  s i m p l i f i c a t i o n  o f  t h e  s t a n d a r d  a c c o u n t i n g  
i d e n t i t y  which would b e  used t o  d e t e r m i n e  an i n d i v i d u a l ' s  e q u i t y  o r  n e t  
wor th .  The a s s e t s  i n v o l v e d  i n  t h e  c a s e  o f  a  p a s t o r a l  farmer  migh t  i n c l u d e  
t h e  f o l l o w i n g :  l a n d ,  b u i l d i n g s ,  p l a n t  and v e h i c l e s ,  l i v e s t o c k ,  o f f - f a r m  
i n v e s t m e n t s  and c a s h .  
Inves tment  i n  l a n d  can  be s e p a r a t e d  c o n v e n i e n t l y  i n t o  two major  
components.  Although t h e y  b o t h  c o n t r i b u t e  t o  t h e  o v e r a l l  s t o c k  o f  l a n d ,  
l a n d  p u r c h a s e s  can  be  d i s t i n g u i s h e d  from i n v e s t m e n t  i n  l a n d  development.  
I n  t h e  e x i s t i n g  s t u d y  i t  is  assumed t h a t  i n v e s t m e n t  i n  l a n d  p u r c h a s e  d o e s  
n o t  a f f e c t  t h e  p r o d u c t i v i t y  p e r  h e c t a r e  o f  t h e  farm u n i t ,  b u t  d o e s  a t t r a c t  
c a p i t a l  r e t u r n s  a s s o c i a t e d  w i t h  r i s i n g  l a n d  p r i c e s .  Inves tment  i n  l a n d  
development ,  however, is  assumed t o  a f f e c t  t h e  p r o d u c t i v i t y  o f  t h e  t o t a l  
l a n d  a s s e t .  
The l e v e l  o f  consumption i n  a  p a r t i c u l a r  p e r i o d  can be  d e f i n e d  by 
a  f u r t h e r  a c c o u n t i n g  i d e n t i t y  which l o o s e l y  d e s c r i b e s  t h e  c a s h  f low o f  a  
p r o d u c e r  i n  a  p a r t i c u l a r  y e a r :  
where:  Y is  t h e  l e v e l  o f  o u t p u t ,  t 
It  is  t h e  l e v e l  o f  c u r r e n t  i n p u t  and 
V P', P', pD, P .  a r e  t h e  p r i c e s  a s s o c i a t e d  w i t h  o u t p u t ,  c u r r e n t  ' 
1 
i n p u t s  and d e b t  and a s s e t s  i n  p e r i o d  t .  
I n  t h i s  v e r y  g e n e r a l  s t a t e m e n t ,  income o r  consumption comes from g r o s s  
income, i n c r e a s e d  d e b t  o r  s a l e  o f  a s s e t s ,  and c o s t s  a r e  i n c u r r e d  from t h e  
p u r c h a s e  o f  c u r r e n t  i n p u t s ,  d e b t  s e r v i c i n g ,  and a s s e t  p u r c h a s e s .  The 
t r e a t m e n t  o f  d e b t  is r e c o g n i s e d  a s  b e i n g  s i m p l i s t i c ,  i n  t h a t  u s u a l l y  c a p i t a l  
payments a r e  a s s o c i a t e d  w i t h  d e b t  s e r v i c i n g .  In  t h e  model d e f i n e d  h e r e  P  D 
is assumed t o  r e p r e s e n t  t h e  i n t e r e s t  c o s t s  o n l y ,  b u t  d e b t  repayments  can b e  
made i n  lump sums. S h a l i t  and Schmitz  (1982) deve lop  a  more s o p h i s t i c a t e d  
model o f  d e b t  repayments  as a  p a r t  o f  a  model which a t t e m p t s  t o  e x p l a i n  
i n v e s t m e n t  i n  l a n d  and l a n d  p r i c e s .  The d i s t i n c t i o n  made between c u r r e n t  
i n p u t s  ( I )  and a s s e t s  (V) is based  on t h e  assumpt ion  t h a t  c u r r e n t  i n p u t s  
do n o t  c o n t r i b u t e  t o  a  p r o d u c e r ' s  e q u i t y .  While t h i s  d i s t i n c t i o n  may be  
s a t i s f a c t o r y  a t  a  t h e o r e t i c a l  l e v e l ,  i t  i s  o f t e n  ex t remely  d i f f i c u l t  t o  
s e p a r a t e  t h e s e  f a c t o r s  from t h e  a v a i l a b l e  d a t a .  For example many p r o d u c e r s  
r e c o r d  l o n g  term f e r t i l i s e r  a p p l i c a t i o n s  a s  c u r r e n t  i n p u t s  when i n  f a c t  
t h e y  s h o u l d  b e  c o r r e c t l y  r e c o r d e d  a s  c a p i t a l  i n p u t s .  S i m i l a r l y  c e r t a i n  
e l e m e n t s  o f  r e p a i r s  and main tenance  e x p e n d i t u r e  which a r e  r e c o r d e d  a s  
c u r r e n t  i n p u t s  a r e  i n  f a c t  c a p i t a l  e x p e n d i t u r e .  These measurement e r r o r s  
s u g g e s t  t h a t  a n n u a l  i n p u t s  a r e  l i k e l y  t o  be  o v e r e s t i m a t e d  i n  r e l a t i o n  t o  
some c l a s s e s  o f  a s s e t s ,  b u t  t h e  d i s t i n c t i o n  is  r e t a i n e d  i n  t h e  t h e o r e t i c a l  
model. Also exc luded  from t h e  s i m p l e  model a r e  t h e  c o s t s  a s s o c i a t e d  w i t h  
d e p r e c i a t i o n  o f  t h e  c a p i t a l  a s s e t s .  The model a s  s p e c i f i e d  above f o c u s s e s  
on n e t  a d d i t i o n s  t o  c a p i t a l  s t o c k s  and presumes t h a t  d e p r e c i a t i o n  expend i -  
. t u r e s  a r e  a  f i x e d  component o r  i n c o r p o r a t e d  i n  c u r r e n t  e x p e n d i t u r e s .  A 
more s o p h i s t i c a t e d  model o f  d e p r e c i a t i o n  c o u l d  b e  developed a t  t h e  c o s t  o f  
i n c r e a s e d  complex i ty .  
The p r o d u c e r s  c h o i c e  o f  a s s e t s  and i n p u t s  is  c o n s t r a i n e d  by a  p r o d u c t i o n  
f u n c t i o n  which d e t e r m i n e s  t h e  l e v e l  o f  o u t p u t  (Y) .  The f u n c t i o n  c a n  b e  
e x p r e s s e d  a s  f o l l o w s :  
Y = f ( I t ,  Vit) ,  ( 4 )  
and c a n  b e  assumed t o  s a t i s f y  t h e  normal d i f f e r e n t i a b i l i t y  a s sumpt ion  
a s s o c i a t e d  w i t h  a  l o n g  r u n  p r o d u c t i o n  f u n c t i o n .  The f u n c t i o n  h a s  been 
p r e s e n t e d  i n  i ts  s i m p l e s t  form and d o e s  n o t  i n t r o d u c e  t h e  dynamics which 
would b e  e x p e c t e d  t o  e x i s t  i n  such  a  r e l a t i o n s h i p .  
The e x i s t e n c e  o f  c r e d i t  r a t i o n i n g  and t h e  l a c k  o f  a  p e r f e c t  c r e d j t  
marke t  is l i k e l y  t o  produce f u r t h e r  c o n s t r a i n t s  on t h e  p r o d u c e r ' s  d e c i s i o n  
making. Although t h i s  may n o t  be  a n  i m p o r t a n t  component o f  a  t h e o r e t i c a l  
model,  t h e  impor tance  of c o n c e s s i o n a l  c r e d i t  and r a t i o n i n g  i n  a g r i c u l t u r a l  
f i n a n c i n g  makes i t  an i m p o r t a n t  component i n  a  comple te  model. An example  
o f  t h i s  c o n s t r a i n t  is  s p e c i f i e d  i n  S h a l i t  and Schmitz  (1982) where t h e y  
e v a l u a t e  t h e  impact  of  r a t i o n i n g  on farm-land p r i c e s .  A s i m p l e  form o f  
s u c h  a  c o n s t r a i n t  would s t a t e  t h a t :  
where:  B is a  c o e f f i c i e n t  which r e f l e c t s  t h e  maximum a l l o w a b l e  l e v e r a g e  r a t e .  
A change  i n  t h i s  c o e f f i c i e n t  would r e f l e c t  chang ing  l e v e l s  o f  money s u p p l y  
and c r e d i t  a v a i l a b i l i t y .  Pe rhaps  a  more r e a l i s t i c  c o n s t r a i n t  might  b e  t o  
b a s e  t h e  maximum l e v e l  o f  d e b t  on t h e  l e v e l  o f  a s s e t s  which would n o r m a l l y  
be  used  a s  c o l l a t e r a l ,  s u c h  a s  l a n d  and b u i l d i n g s .  T h i s  form of  c o n s t r a i n t  
would p l a c e  f u r t h e r  emphasis  on t h e  s p e c i a l i s e d  r o l e  t h a t  l a n d  p u r c h a s e  
c o u l d  p l a y  i n  s u c h  a  model. 
2 .3  A T h e o r e t i c a l  P o r t f o l i o  Model 
The g e n e r a l  d e c i s i o n  model d e s c r i b e d  above h a s  been d e f i n e d  a s  a  p o r t -  
f o l i o  model f o r  farm a s s e t  c h o i c e .  P o r t f o l i o  c h o i c e  however, is u s u a l l y  
d e f i n e d  i n  t h e  c o n t e x t  o f  a  combina t ion  of s e c u r i t i e s  h e l d  by an i n v e s t o r  
(Markowitz,  1 9 5 9 ) .  While p o r t f o l i o  t h e o r y  is  normal ly  a p p l i e d  t o  i n s t i t u -  
t i o n s  a n d i n d i v i d u a l s  and t h e i r  h o l d i n g s  o f  f i n a n c i a l  a s s e t s ,  i t  is n o t  
d i f f i c u l t  t o  view f a r m e r s  i n  a  s i m i l a r  l i g h t  t o  i n s t i t u t i o n a l  and i n d i v i d u a l  
i n v e s t o r s .  The common problem is  t h a t  o f  choos ing  a  p a r t i c u l a r  combina t ion  
o f  a s s e t s  from a  wide r a n g e  o f  a s s e t s ,  s u b j e c t  t o  a  c o n s t r a i n t  on t h e  
a v a i l a b i l i t y  o f  funds .  
A s t a n d a r d  p o r t f o l i o  model a s  d e s c r i b e d  by P a r k i n  (1970) ,  and Sharpe  
(1974)  is  based  on t h e  assumpt ion  t h a t  t h e  i n v e s t o r b  u t i l i t y  f u n c t i o n  is 
a  q u a d r a t i c  f u n c t i o n  o f  t h e  mean and v a r i a n c e  o f  t o t a l  revenue.  T h i s  u t i l i t y  
f u n c t i o n  is maximised s u b j e c t  t o  a  b a l a n c e  s h e e t  c o n s t r a i n t .  While t h e  
g e n e r a l  problem f a c i n g  t h e  farm p r o d u c e r  and t h e  s e c u r i t y  i n v e s t o r  may b e  
s i m i l a r ,  t h e  model d e f i n e d  above is somewhat d i f f e r e n t  from a  s t a n d a r d  
p o r t f o l i o  model. F i r s t ,  t h e  o b j e c t i v e  f u n c t i o n  d e f i n e d  does  n o t  i n c o r p o r a t e  
r i s k ,  b u t  i t  d o e s  i n v o l v e  a  s i m i l a r  t r a d e - o f f  between u t i l i t y  from consumption 
and u t i l i t y  from e q u i t y  g a i n s .  A l o g i c a l  t h e o r e t i c a l  e x t e n s i o n  o f  t h & s  
model would be  t o  i n c o r p o r a t e  i n  t h e  u t i l i t y  f u n c t i o n ,  t h e  r i s k  a s s o c i a t e d  
w i t h  b o t h  t h e  consumption and e q u i t y  e l e m e n t s  o f  t h k  producer's u t i l i t y .  
For  c o m p u t a t i o n a l  r e a s o n s ,  however, no a t t e m p t  h a s  been made t o  do t h a t  i n  
t h i s  s t u d y .  
A second d i f f e r e n c e  i s  t h a t  many o f  t h e  a s s e t s  i n  t h e  farm model 
a r e  l i n k e d  t o g e t h e r  th rough  t h e  p r e s e n c e  o f  t h e  p r o d u c t i o n  f u n c t i o n  ( 4 ) .  
T h i s  is  d i f f e r e n t  from t h e  i n t e r a c t i o n  i n  a  s t a n d a r d  p o r t f o l i o  model 
which would normal ly  come from t h e  c o v a r i a n c e  between t h e  s e c u r i t i e s .  
The g e n e r a l  model d e s c r i b e d  above is a l s o  a  dynamic model, b o t h  i n  
t h e  r e l a t i o n s h i p s  between a s s e t s  and d e b t ,  and a l s o  p o t e n t i a l l y  i n  t h e  
p r o d u c t i o n  f u n c t i o n  r e l a t i o n s h i p s .  The problem s h o u l d  t h e r e f o r e  be  s o l v e d  
a s  a  dynamic o p t i m i s a t i o n  problem which a t t e m p t s  t o  maximise a stream o f  
consumption e x p e n d i t u r e  and a  l e v e l  o f  e q u i t y  o v e r  a  p a r t i c u l a r  time p e r i o d .  
The d i f f i c u l t i e s  i n v o l v e d  i n  such  a n  o p t i m i s a t i o n  a r e  c o n s i d e r a b l e .  
However, c o n s i d e r a t i o n  o f  t h e  f i r s t  o r d e r  c o n d i t i o n s  f o r  a  s i m p l e  s t a t i c  
o p t i m i s a t i o n  d o e s  p r o v i d e  some i n s i g h t  i n t o  t h e  e s t i m a t i n g  form f o r  s u c h  
a  model. 
Given t h a t  t h e  p r o d u c e r ' s  o b j e c t i v e  i s  t o  maximise h i s  o b j e c t i v e  
f u n c t i o n  and u s i n g  t h e  model d e s c r i b e d  i n  e q u a t i o n s  (1 -4 ) ,  i t  c a n  be  
s e e n  t h a t  t h e  p r o d u c e r ' s  problem i s  t o  d e r i v e  o p t i m a l  l e v e l s  o f  a s s e t s  ( V ) ,  
c u r r e n t  i n p u t s  ( I ) ,  and d e b t  (D)  which w i l l  maximise h i s  o b j e c t i v e  f u n c t i o n .  
I n c o r p o r a t i n g  t h e  d e b t  c o n s t r a i n t ,  and assuming l a g g e d  endogeneous 
v a r i a b l e s  a r e  c o n s t a n t , t h e  g e n e r a l  f i r s t  o r d e r  c o n d i t i o n s  can  be  d e f i n e d  
a s  f o l l o w s :  
where: Z is t h e  c o n s t r a i n e d  o b j e c t i v e  f u n c t i o n ,  
Uc and Uw a r e  t h e  p a r t i a l  d e r i v a t i v e s  o f  t h e  u t i l i t y  f u n c t i o n  
w i t h  r e s p e c t  t o  C and W r e s p e c t i v e l y ,  (K , 3U > O ) ,  t t 
I ac awt f v  and f  a r e  t h e  m a r g i n a l  p r o d u c t i v i t i e s  o f  t h e  a s s e t s  
1 
and c u r r e n t  i n p u t s  and 
X is t h e  l a g r a n g i a n  m u l t i p l i e r  a s s o c i a t e d  w i t h  c r e d i t  r a t i o n i n g .  
These f irst  o r d e r  c o n d i t i o n s  c l e a r l y  i n d i c a t e  t h e  t r a d e - o f f  t h a t  
e x i s t s  between a n  a s s e t ' s  a b i l i t y  t o  c r e a t e  consumption and w e a l t h .  I n  
e q u a t i o n  ( 6 )  [P: f y  - P" ] d e s c r i b e s  t h e  f low o f  income o r  consumption 
l t 
t h a t  comes from t h e  p u r c h a s e  o f  a  m a r g i n a l  u n i t  o f  t h a t  a s s e t .  A t  t h e  
same time t h e  v a l u e  o f  t h a t  u n i t  o f  a s s e t  a s  e q u i t y  is  s imply  i ts v a l u e  
U 
'it . I t  can  b e  s e e n  t h a t  i n  some c a s e s  t h e  a s s e t  r e t u r n  o r  consumption 
component c o u l d  b e  n e g a t i v e  and y e t  t h e  e q u i t y  e f f e c t  c o u l d  outweigh i t .  
This  would be  even  more l i k e l y  and rea l i s t i c  i n  a  dynamic s p e c i f i c a t i o n  
where t h e  p r o d u c e r  would v a l u e  t h e  a s s e t  a t  i ts  e x p e c t e d  v a l u e  o v e r  a  
l o n g e r  time h o r i z o n .  The f i n a l  e l ement  i n  e q u a t i o n  ( 6 )  r e f l e c t s  t h e  
c o n s t r a i n t  imposed by c r e d i t  r a t i o n i n g .  The u t i l i t y  d e r i v e d  from t h a t  
a s s e t  is  reduced  i n  p r o p o r t i o n  t o  t h e  d e g r e e  o f  d e b t  i n v o l v e d  i n  t h e  
p u r c h a s e  o f  t h a t  a s s e t .  I t  is u s e f u l  t o  n o t e  t h e  d i s t i n c t i o n s  t h a t  migh t  
be  e x p e c t e d  between d i f f e r e n t  t y p e s  o f  a s s e t s ;  i n  t h e  s p e c i a l  c a s e  o f  
1 i v e s t o c k . o r  more p a r t i c u l a r l y  b r e e d i n g  s t o c k  t h e r e  can be a  c l o s e  r e l a t i o n -  
s h i p  between P' and P'. A s  t h e  p r i c e  o f  t h e  o u t p u t  i n c r e a s e s  t h e  c o s t  o f  
t h e  i n p u t  a l s o  i n c r e a s e s  ( o r  i n  t h e  c a s e  o f  a n i m a l s  which a r e  h e l d  on t h e  
fa rms ,  t h e  o p p o r t u n i t y  c o s t  o f  r e t a i n i n g  t h e  s t o c k  h a s  i n c r e a s e d ) .  T h i s  
s i t u a t i o n  c o u l d  l e a d  t o  a  r e d u c t i o n  i n  t h e  s u p p l y  r e s p o n s e ,  o r  even a  
n e g a t i v e  r e s p o n s e  i n  t h e  s h o r t  r u n  a s  s u g g e s t e d  by G u a r n i e r i  ( 1 9 7 3 ) .  The 
phenomenon would n o t  b e  e x p e c t e d  i n  o t h e r  a s s e t s  u n l e s s  t h e r e  were a n  
e x t e r n a l  marke t  r e s p o n s e  which would l e a d  t o  a  r e l a t i o n s h i p  between i n p u t  
and o u t p u t  p r i c e s .  For  example,  i n  a g g r e g a t e  an  i n c r e a s e  i n  farm o u t p u t  
p r i c e s  c o u l d  l e a d  t o  an  i n c r e a s e  i n  p r i c e s  f o r  i n p u t s  a s  a s s e t s  which a r e  
c l o s e l y  l i n k e d  t o  t h e  farm s e c t o r , s u c h  a s  l a n d .  
A s  might  be  e x p e c t e d  t h e  f i r s t  o r d e r  c o n d i t i o n  f o r  c u r r e n t  i n p u t s  
h a s  no e q u i t y  component and is e q u i v a l e n t  t o  t h e  o p t i m i s a t i o n  c o n d i t i o n  
f o r  a  s i m p l e  p r o d u c t i o n  f u n c t i o n .  
b 
The f i r s t  o r d e r  c o n d i t i o n  f o r  t h e  l e v e l  o f  d e b t  is  a l s o  s t r a i g h t  
fo rward .  The v a l u e  o f  each  u n i t  o f  d e b t  f o r  consumption t a k e s  i n t o  a c c o u n t  
t h e  i n t e r e s t  which must b e  p a i d  on t h a t  d e b t ,  and d e b t  h a s  a  n e g a t i v e  
impac t  on e q u i t y .  The f i n a l  term i n  t h e  e q u a t i o n  s u g g e s t s  t h a t  under  
t h e  c o n s t r a i n t  an  i n c r e a s e  i n  t h e  l e v e l  o f  d e b t  would i n c r e a s e  u t i l i t y .  
I t  c a n  b e  s e e n  from t h i s  s i m p l e  o p t i m i s a t i o n  t h a t  t h e  s i m u l t a n e o u s  
s o l u t i o n  o f  e q u a t i o n s  ( 6 )  - ( 9 )  would p r o v i d e  t h e  o p t i m a l  l e v e l s  o f  e a c h  
a s s e t  ( v i ) ,  c u r r e n t  i n p u t s  and d e b t .  Although t h i s  a n a l y s i s  is o n l y  a  
s i m p l e  s t a t i c  o p t i m i s a t i o n  it does  i n d i c a t e  which v a r i a b l e s  shou ld  b e  
i n c l u d e d  i n  e s t i m a t i n g  e q u a t i o n s .  
These v a r i a b l e s  would measure t h e  p r o f i t a b i l i t y  o f  employing e a c h  
a s s e t  i n  terms o f  i t s  impac t  on b o t h  t h e  consumption f lows and w e a l t h  
o f  t h e  p r o d u c e r .  Also ,  a  h i g h  d e g r e e  of i n t e r d e p e n d e n c e  between i n d i v i d u a l  
a s s e t  l e v e l s  is i n d i c a t e d  by t h e  d e b t  c o n s t r a i n t  and t h e  f a c t  t h a t  t h e  
m a r g i n a l  p r o d u c t i v i t y  o f  each  a s s e t  i s  dependen t  on t h e  l e v e l  o f  o t h e r  
a s s e t s .  
2.4 D e r i v a t i o n  o f  E s t i m a t i n q  R e l a t i o n s h i p s  
The d e r i v a t i o n  o f  t h e  f i r s t - o r d e r  c o n d i t i o n s  p r e s e n t e d  above p r o v i d e s  
o n l y  a  ve ry  g e n e r a l  g u i d e  t o  t h e  s t r u c t u r e  o f  a  se t  o f  r e l a t i o n s h i p s  which 
c o u l d  b e  used t o  e s t i m a t e  a  p o r t f o l i o  model f o r  farm inves tment  d e c i s i o n s .  
One l i m i t a t i o n  is  t h a t  t h e  model p r e s e n t e d  is  i n  a  s t a t i c  form. The 
s t r u c t u r e  o f  t h e  model and t h e  number o f  d e c i s i o n  v a r i a b l e s  a r e  such  t h a t  
a  s o l u t i o n  t o  t h e  f u l l  dynamic model is  n o t  f e a s i b l e .  A f u r t h e r  g u i d e  
t o  t h e  development o f  t h i s  g e n e r a l  model can  b e  p r o v i d e d  by c o n s i d e r i n g  
t h e  framework f o r  c o n v e n t i o n a l  p o r t f o l i o  models.  The models p r o v i d e  a  
p r o g r e s s i o n  from a  s i m p l e  model t o  one which i n c l u d e s  dynamic r e l a t i o n s h i p s  
and consumption i n v e s t m e n t  t r a d e - o f f s .  
The c o n t r i b u t i o n  o f  p o r t f o l i o  t h e o r y  i n  t h e  c a p i t a l  inves tment  model 
is t h a t  i t  p r o v i d e s  a n  e x p l a n a t i o n  o f  h o w , f a r m e r s  might  choose  between 
t h e  v a r i o u s  a s s e t s  t o  which t h e y  have a c c e s s .  Markowitz (1959) b rough t  
a t t e n t i o n  t o  t h e  o b s e r v a t i o n  t h a t  i n v e s t o r s  u s u a l l y  do n o t  ho ld  o n l y  t h e  
h 
one s e c u r i t y  w i t h  t h e  h i g h e s t  expec ted  r e t u r n .  He e x p l a i n e d  t h i s  b e h a v i o u r  
a s  b e i n g  due t o  t h e  u n c e r t a i n t y  and v a r i a n c e  i n  r e t u r n s  a s s o c i a t e d  w i t h  
each  s e c u r i t y .  I n v e s t o r s  t h e r e f o r e ,  t ended  t o  h o l d  a  d i v e r s i f i e d  p o r t f o l i o  
r e f l e c t i n g  t h e  w i l l i n g n e s s  and a b i l i t y  o f  t h e  i n v e s t o r  t o  assume 
r i s k .  Thus, f a r m e r s  w i l l  be i n f l u e n c e d  by t h e  c o m p a r a t i v e  l e v e l  and v a r i a n c e  
o f  r e t u r n s  between on and off - farm i n v e s t m e n t ,  between c a p i t a l  i n t e n s i f i c a t i o n  
and e x t e n t i o n  o f  t h e  farm e n t e r p r i s e ,  and between i n d i v i d u a l  c a p i t a l  goods  
d e t e r m i n i n g  t h e  e n t e r p r i s e ' s  c a p i t a l  i n t e n s i v e n e s s .  Of c o u r s e ,  t h e  f a c t  
t h a t  f a r m e r s  must combine t h e i r  c a p i t a l  i n p u t s  i n  a  p r o d u c t i o n  p r o c e s s  
e n s u r e s  t h a t  a  d i v e r s i f i e d  p o r t f o l i o  w i l l  b e  h e l d .  T h i s  does  n o t  ho ld  
f o r  a l l  o f  t h e  a s s e t s  which a r e  a v a i l a b l e .  
2 .4 .1  B a s i c  Model 
A fo rmal  a l g e b r a i c a l  d e r i v a t i o n  o f  t h e  s t a n d a r d  p o r t f o l i o  model is  
g i v e n  by P a r k i n  (1970) and w i l l  n o t  be r e p e a t e d  h e r e .  Usua l ly ,  t h e  model 
is based on t h e  assumpt ion  t h a t  t h e  i n v e s t o r ' s  u t i l i t y  f u n c t i o n  is a  
q u a d r a t i c  f u n c t i o n  o f  t h e  mean and v a r i a n c e  o f  t o t a l  revenue.  Th i s  u t i l i t y  
f u n c t i o n  is maximised s u b j e c t  t o  a  b a l a n c e  s h e e t  c o n s t r a i n t  which e n s u r e s  
t h a t  t h e  sum o f  ' a s s e t s '  i n  t h e  p o r t f o l i o  ( i n c l u d i n g  a s s e t s  and l i a b i l i t i e s )  
s h o u l d  e q u a l  n e t  wor th .  The f i r s t - o r d e r  c o n d i t i o n s  from t h i s  c o n s t r a i n e d  
maximisa t ion  problem p r o v i d e  an e s t i m a t i n g  form t o  d e t e r m i n e  t h e  o p t i m a l  
l e v e l  o f  each asse t  which shou ld  be he ld .  
where V = v e c t o r  o f  asse ts  and l i a b i l i t i e s  
b  = parameter r e f l e c t i n g  degree o f  r i s k  a v e r s i o n  which 
be determined p r i o r  t o  e s t i m a t i o n  
m = v e c t o r  o f  expected asse t  y i e l d s  
f = n e t  wo r th  
G and H = m a t r i x  and v e c t o r  o f  es t ima ted  c o e f f i c i e n t s 1  
must 
Given t h e  ba lance sheet  c o n s t r a i n t ,  m a t r i x  G has t h e  f o l l o w i n g  p r o p e r t i e s  
imposed on i t  d u r i n g  e s t i m a t i o n :  
( 1 )  Symmetry, so t h a t  s u b s t i t u t i o n  between p a i r s  o f  asse ts  
i s  symmetr ica l .  
( 2 )  Zero row and column sums; asse t  and l i a b i l i t y  l e v e l s  change 
i n  response t o  a  change i n  expected asse t  r e t u r n s .  L 
These o f f s e t t i n g  responses a r e  necessary t o  ensure t h a t  
t h e  ba lance sheet  c o n s t r a i n t  i s  mainta ined.  
( 3 )  D iagona l  elements a r e  non-negat ive;  an i nc rease  i n  a  
s e c u r i t i e s  y i e l d  never causes a  r e d u c t i o n  i n  t h e  volume 
o f  t h a t  asse t  he ld .  
( 4 )  The sum of o f f - d i a g o n a l  elements i s  nega t i ve ;  s u b s t i t u t i o n  
e f f e c t s  dominate any complementar i ty  between p a r t i c u l a r  
p a i r s  o f  asse ts  and l i a b i l i t i e s .  Th is  p r o p e r t y  must occur  
g i v e n  ( 2 )  and (3 ) .  
Only one c o n s t r a i n t  must be imposed on t h e  v e c t o r  H, namely, t h a t  
t h e  sum o f  t h e  elements i n  t h e  v e c t o r  must sum t o  1. This  ensures t h a t  
a d d i t i o n a l  w e a l t h  i s  comple te ly  a l l o c a t e d  among t h e  v a r i o u s  assets .  
I n  summary t he re fo re ,  model s p e c i f i c a t i o n  f o r  t h e  b a s i c  p o r t f o l i o  
approach generates an e s s e n t i a l l y  s imp le  model. Each s e c u r i t y  i n  t h e  
p o r t f o l i o  i s  found t o  be a  f u n c t i o n  o f  t h e  y i e l d s  o f  a l l  t h e  endogenous 
l P a r k i n  (1970) shows how t h e  c o e f f i c i e n t s  i n  b o t h  t h e  G m a t r i x  and H 
v e c t o r  a r e  compound c o e f f i c i e n t s  i n c o r p o r a t i n g  t h e  var iance-CO-var iance 
m a t r i x  o f  asse t  y i e l d s .  Therefore, w h i l e  t h e  p o r t f o l i o  model i s  
d e r i v e d  f rom a  mean-variance u t i l i t y  f u n c t i o n ,  t h e  e s t i m a t i n g  form o f  
t h e  model does n o t  e x p l i c i t l y  i n c o r p o r a t e  r i s k .  
a s s e t s  and w e a l t h .  However, ve ry  s t r o n g  r e s t r i c t i o n s  a r e  p l a c e d  on t h e  
s i z e  and s i g n  o f  a l l  e s t i m a t e d  c o e f f i c i e n t s .  
2.4.2 A Dynamic S p e c i f i c a t i o n  
Sharpe  (1973) d e r i v e d  a  s i m i l a r  model t o  P a r k i n  (1970) b u t  saw t h e  
o p t i m a l  s o l u t i o n  f o r  each  a s s e t  ( e q u a t i o n  ( 1 0 ) )  a s  t h e  d e s i r e d  long-run 
demand f o r  t h a t  a s s e t  (V*), i . e .  
Assuming t h a t  c o s t s  o f  a d j u s t m e n t  e x i s t e d  (e .g .  i n  buying and s e l l i n g  
s e c u r i t i e s )  and t h a t  t h e s e  c o s t s  depended on t h e  s i z e  o f  a d j u s t m e n t  d e s i r e d ,  
Sharpe  (1973)  d e r i v e d  t h e  p a r t i a l  a d j u s t m e n t  mechanism such  t h a t ,  
'it - 'it-l IJ jt Vjt-l I = C B . .  [ V *  - j =l 
Equa t ion  ( 1 2 )  d e s c r i b e s  t h e  a d j u s t m e n t  o f  any p a r t i c u l a r  a s s e t  a s  b e i n g  
de te rmined  n o t  o n l y  by t h e  gap between t h e  d e s i r e d  and o p e n i n g  l e v e l  o f  
t h a t  a s s e t ,  b u t  a l s o  by t h e  d e s i r e d  a d j u s t m e n t  i n  t h e  l e v e l s  o f  o t h e r  
a s s e t s  i n  t h e  p o r t f o l i o .  B r a i n a r d  and Tobin (1968)  r e f e r r e d  t o  t h i s  a s  
"dynamic c r o s s - a d j u s t m e n t " .  Even i f  a  p a r t i c u l a r  a s s e t  o r  l i a b i l i t y  
was a t  i ts  d e s i r e d  l e v e l ,  an  i n v e s t o r  may change i ts l e v e l  i n  t h e  c o u r s e  
o f  a d j u s t i n g  t o  t h e  d e s i r e d  l e v e l  o f  o t h e r  s e c u r i t i e s .  Th i s  is e s p e c i a l l y  
l i k e l y  f o r  example ,  when an i n v e s t o r  s e e k i n g  t o  i n c r e a s e  h o l d i n g  o f  l i q u i d  
a s s e t s  must a d j u s t  t h e  l e v e l  o f  non l i q u i d  a s s e t s  t o  f a c i l i t a t e  i t .  A s  
was no ted  i n  2 .2 ,  dynamic c r o s s - a d j u s t m e n t s  may b e  e s p e c i a l l y  s i g n f i c a n t  
f o r  a  p o r t f o l i o  model o f  p a s t o r a l  farming i n v e s t m e n t  d e c i s i o n s ,  s i n c e  
t h e  a s s e t s  a r e  used t o  complement each o t h e r  i n  a  p r o d u c t i o n  p r o c e s s .  
The c r o s s - a d j u s t m e n t  c o e f f i c i e n t s  f o r  any p a r t i c u l a r  a s s e t  s h o u l d  
sum t o  one (C B . .  = l ) ,  s o  t h a t  a c t u a l  a d j u s t m e n t  f o r  a n  a s s e t  is  made 
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up o f  a  p r o p d r t i o n  o f  t h e  d e s i r e d  a d j u s t m e n t  i n  a l l  o t h e r  a s s e t s .  
For e a c h  a s s e t ,  an  e q u a t i o n  s i m i l a r  t o  ( 1 1 )  is  s u b s t i t u t e d  i n t o  
e q u a t i o n  ( U ) ,  y i e l d i n g :  
"it - "it = 1 aOj + i: Bi j  a l j  m j  j j 
The change i n  e a c h  s e c u r i t y  i s  s e e n  t o  be a  f u n c t i o n  o f  t h e  y i e l d s  o f  
a l l  t h e  endogenous s e c u r i t i e s ,  w e a l t h ,  and t h e  b e g i n n i n g  o f  p e r i o d  l e v e l  
o f  each s e c u r i t y .  
For e s t i m a t i o n  p u r p o s e s ,  t h e  b a l a n c e  s h e e t  i d e n t i t y  r e q u i r e s  t h e  
same c o n s t r a i n t s  t o  b e  imposed on t h e  c o e f f i c i e n t s  a s  were imposed f o r  
e q u a t i o n  ( l ) ,  e x c e p t  t h a t  t h e  symmetry c o n s t r a i n t  i s  r e l a x e d .  Also,  
t h e  a d d i t i o n a l  c o n s t r a i n t  t h a t  C B . .  = 1 must b e  imposed f o r  t h i s  dynamic 
j 1 J s p e c i f i c a t i o n .  
2 .4 .3  The Consumption-Savinq D e c i s i o n  
I t  h a s  been d e s c r i b e d  how t h e  l e v e l  o f  n e t  wor th  forms a n  i d e n t i t y  
w i t h  t h e  sum o f  a s s e t s  and l i a b i l i t i e s ,  c r e a t i n g  a  b a l a n c e  s h e e t  i d e n t i t y  
which-must  sum t o  z e r o .  I n  p o r t f o l i o  a n a l y s i s ,  t h e . l e v e 1  o f  n e t  worth  
i t s e l f  is a lways  t r e a t e d  a s  exogenous,  w i t h  t h e  l e v e l s  o f  a s s e t s  and 
l i a b i l i t i e s  b e i n g  endogenously  de te rmined .  Smith  (1978) h a s  shown t h a t  
b 
t h i s  assumpt ion e f f e c t i v e l y  s e p a r a t e s  t h e  p o r t f o l i o - b a l a n c e  d e c i s i o n  from 
t h e  consumption-saving d e c i s i o n ,  s i n c e  by d e f i n i t i o n  t h e  change i n  n e t  
worth  is  e q u a l  t o  s a v i n g s  which i n  t u r n  is s i m p l y  t h e  d i f f e r e n c e  between 
income and consumption.  T h e r e f o r e ,  i f  t h e  s e c u r i t y  demand e q u a t i o n s  (10) 
and ( 1 2 )  have n e t  worth  a s  an  independen t  v a r i a b l e ,  t h e  d e c i s i o n  between 
consumption and s a v i n g  must  be  assumed t o  have been made p r i o r  t o  d e c i s i o n s  
r e g a r d i n g  p o r t f o l i o  compos i t ion .  
P u r v i s  (1978)  e n d o g e n i s e s  consumption by i n c l u d i n g  a  consumption 
f u n c t i o n  i n  t h e  p o r t f o l i o  model, w i t h  consumption b e i n g  a  f u n c t i o n  o f  
income, t h e  r e t u r n s  t o  t h e  p o r t f o l i o  a s s e t s ,  and t h e  l a g g e d  a s s e t  l e v e l s .  
T h e r e f o r e ,  t h e  consumption e q u a t i o n  i s  s i m i l a r  t o  t h e  a s s e t  e q u a t i o n  
d e s c r i b e d  by ( 1 3 )  e x c e p t  t h a t  income is a l s o  i n c l u d e d  i n  t h e  s p e c i f i c a t i o n .  
P u r v i s '  d e s i r e d  a s s e t  demand e q u a t i o n s  a l s o  i n c l u d e  an income v a r i a b l e .  
I n s t e a d  o f  imposing c o n s t r a i n t s  on t h e  e s t i m a t e d  c o e f f i c i e n t s  based on 
t h e  n e t  worth  i d e n t i t y ,  t h e  c o n s t r a i n t s  imposed r e f l e c t  t h e  budget  i d e n t i t y  
r e q u i r i n g  consumption p l u s  s a v i n g  (change i n  n e t  w o r t h )  t o  e q u a l  income. 
A l g e b r a i c a l l y ,  
k k 
V* = f  . + f . . Y +  
OJ 1 J  
m .  f o r  a l l  j = l . . . k  a s s e t s  
J f s i j  1 ( 1 5 )  i=l 
'it - 'it-l =, C B . .  ( V * -  V .  ) f o r  a l l  i = l . . . k  a s s e t s  ( 1 6 )  j =l 1 J  J ~ t - l  
where C = consumption,  and 
Y = income. 
A l l  k a s s e t  e q u a t i o n s  a r e  t h e n  s u b s t i t u t e d  i n t o  e q u a t i o n  ( 1 6 )  f o r  each 
a s s e t  producing ( 1 7 )  below: 
AVi  = a + a  y +  Z a  
. O i  l i c B . .  v .  j =l 2 i j m i  - j=l IJ ~ t - l  
where AVi  = V i t  - Vit-l  
To s a t i s f y  t h e  budge t  c o n s t r a i n t ,  t h e  c o e f f i c i e n t s  d u r i n g  e s t i m a t i o n  
must be c o n s t r a i n e d  s o  t h a t :  
k  
( 1 )  e l  + E qi = 1, e n s u r i n g  t h a t  income is e i t h e r  a l l o c a t e d  
i =l 
t o  consumption o r  a s s e t  accumula t ion ;  
k  
( 2 )  eZi 
+ L a 2 i j  = 0  f o r  a l l  i = l ,  ... k a s s e t  r e t u r n s ,  j =l 
s o  t h a t  changes  i n  a s s e t  r e t u r n s  c a u s e  a  change i n  t h e  
t o t a l  a l l o c a t i o n  o f  income c o n s i s t e n t  w i t h  income b e i n g  
c o n s t a n t ;  and 
k  
( 3 )  e  - E Bij = 0 f o r  a l l  j = l , .  . .k  i n i t i a l  a s s e t  l e v e l s .  
3 j  i=l 
Changes i n  i n i t i a l  a s s e t  l e v e l s  t h e r e f o r e  c a u s e  a  change i n  t h e  a l l o c a t i o n  
o f  income, c o n s i s t e n t  w i t h  income be ing  c o n s t a n t .  
The model p r e s e n t e d  i n  e q u a t i o n  ( 1 7 )  p r o v i d e s  a  s u i t a b l e  e s t i m a t i n g  
form f o r  a  c o n v e n t i o n a l  p o r t f o l i o  model, b u t  d i f f e r s  somewhat from t h a t  
o r i g i n a l l y  s u g g e s t e d  i n  e q u a t i o n s  6-9. The major d i f f e r e n c e  is  t h e  f a c t  
t h a t  income is i n c l u d e d  a s  an  a p p a r e n t l y  exogenous  v a r i a b l e  i n  t h e  l a t t e r  
f o r m u l a t i o n  r a t h e r  t h a n  b e i n g  endogenously d e t e r m i n e d .  I n  t h e  p a s t o r a l  
s e c t o r  model t h i s  i s  n o t  an  unreasonab le  s i t u a t i o n .  I n  a  g iven  p e r i o d  t h e  
l e v e l  o f  g r o s s  income i s  e f f e c t i v e l y  de te rmined  by p r e v i o u s  p r o d u c t i o n  
d e c i s i o n s .  Thus, i t  is a p p r o p r i a t e  t o  c o n s i d e r  a  model which has  a  g i v e n  
l e v e l  o f  income t o  a l l o c a t e  t o  c u r r e n t  i n p u t  and i n v e s t m e n t  d e c i s i o n s .  
A f u r t h e r  d i f f e r e n c e  is t h e  i n c l u s i o n  o f  t h e  l a g g e d  a s s e t  l e v e l s  
which r e p r e s e n t  t h e  dynamic a s p e c t s  o f  t h e  d e c i s i o n  p r o c e s s .  Th i s  a g a i n  
is  r e a s o n a b l e  i n  a  p a s t o r a l  s e c t o r  model where t h e r e  i s  expec ted  t o  be 
c o n s i d e r a b l e  i n t e r d e p e n d e n c e  between t h e  l e v e l s  o f  a s s e t s  which a r e  a  
p a r t  o f  t h e  farm p r o d u c t i o n  p r o c e s s .  
F u r t h e r  s u p p o r t  f o r  a  g e n e r a l  model i n  t h e  form o f  e q u a t i o n  ( 1 7 )  
is p r e s e n t e d  i n  a  r e c e n t  paper  by T r a i l 1  (1982) .  T h i s  s t u d y  deve lops  a  
s i m p l e  dynamic model o f  farm l a b o u r  and c a p i t a l  i n v e s t m e n t s ,  based on 
a  g e n e r a l  model o f  dynamic a d j u s t m e n t  f o r  f a c t o r s  o f  p r o d u c t i o n  ( N a d i r j  
and Rosen, 1 9 6 9 ) .  These models p r o v i d e  a  l i n k a g e  between t h e  f l e x i b l e  
a c c e l e r a t i o n  model which e x p l a i n s  how c a p i t a l  s t o c k s  a d j u s t  towards  a  
l o n g  run  d e s i r e d  l e v e l ,  and t h a t  which is b e i n g  p roposed  i n  t h i s  s t u d y .  
I t  is s u g g e s t e d  i n  t h e s e  s t u d i e s  t h a t  t h e  a d j u s t m e n t  c o s t s  a s s o c i a t e d  
w i t h  any p a r t i c u l a r  i n p u t  depend on t h e  d e g r e e  o f  d i s e q u i l i b r i u m  i n  i ts  
own u s e  and a l s o  t h e  d i s e q u i l i b r i u m  i n  t h e  u s e  o f  a l l  o t h e r  i n p u t s .  Thus, 
t h e  model deve loped  i n c l u d e s  a  h i g h  d e g r e e  o f  i n t e r d e p e n d e n c e  between 
e a c h  o f  t h e  i n p u t s  used and h a s  an e s t i m a t i n g  form e s s e n t i a l l y  t h e  same 
a s  e q u a t i o n  ( 1 7 ) .  I t  would a p p e a r  t h a t  t h i s  framework is very  s i m i l a r  
and r e l a t e d  t o  t h e  dynamic p o r t f o l i o  model deve loped  above.  
The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  d a t a  r e q u i r e m e n t s  and d e t a i l s  
i n v o l v e d  i n  a p p l y i n g  t h e  g e n e r a l  model s p e c i f i e d  above.  
B. 
2.5 Applying t h e  T h e o r e t i c a l  Model t o  P a s t o r a l  Farming 
2.5.1 Data Requirements  and A v a i l a b i l i t y  
A p o r t f o l i o  model r e q u i r e s  a  set o f  c o n s i s t e n t  endogenous d a t a  v a r i a b l e s  
which can be r e c o n c i l e d  i n  a  b a l a n c e  s h e e t / c a s h  f low i d e n t i t y .  Unless  a l l  
t h e  d a t a  r e f e r  t o  t h e  same decis ion-making u n i t ,  t h e  v e r y  s t r i c t  e s t i m a t i o n  
c o n s t r a i n t s  c a n n o t  be  a p p l i e d .  I f  t h i s  i s  t h e  c a s e ,  t h e  fo rmal  p o r t f o l i o  
model c a n n o t  be e s t i m a t e d .  A t  p r e s e n t  t h e  Vers ion  Two model r e l a t e s  
n a t i o n a l  l i v e s t o c k  number and farm p r o d u c t i o n  a g g r e g a t e s  t o  a v e r a g e  farm 
income, which i n  t u r n  is  l i n k e d  t o  a g g r e g a t e d  c a p i t a l  i n v e s t m e n t .  I n  
i t s e l f  t h i s  is s e e n  t o  b e  a d e s i r a b l e  f e a t u r e  o f  t h e  model,  s i n c e  i t  
r e c o g n i s e s  e x p l i c i t l y t h e  l i n k  between n a t i o n a l  a g g r e g a t e s  and i n d i v i d u a l  
f a r m e r  d e c i s i o n  making. However, i n  t e r m s  o f  a p o r t f o l i o  model, t h e  
i n t e r - f a c e  o f  n a t i o n a l  a g g r e g a t e s  and t h e  farm l e v e l  makes any s t r i c t  
- b a l a n c e  s h e e t  o r  budget  i d e n t i t y  i m p o s s i b l e  t o  e s t i m a t e .  
The on ly  d a t a  t h a t  even approaches  t h e  i d e a l  f o r  p o r t f o l i o  a n a l y s i s  
o f  New Zealand farms is t h a t  c o l l e c t e d  by t h e  New Zea land  Meat and Wool 
B o a r d s '  Economic S e r v i c e  (NZMWBES) f o r  sheep  and b e e f  f a rms ,  and t h e  
New Zealand Dairy  Board f o r  f a c t o r y  s u p p l y  d a i r y  fa rms .  Cash flow s t a t e -  
ments  a r e  n o t  d e r i v e d  i n  t h e  New Zealand Dairy  B o a r d ' s  (NZDB) Survey,  and 
i t  h a s  o n l y  been i n  r e c e n t  y e a r s  ( s i n c e  1976)  t h a t  a d e t a i l e d  c a s h  f low 
s t a t e m e n t  h a s  been d e r i v e d  from t h e  NZMWBES' s u r v e y  p r o v i d i n g  d a t a  o n ,  
c a p i t a l  inves tment  and l a n d  p u r c h a s e s .  Even i f  c a s h  f low s t a t e m e n t s  were 
a v a i l a b l e  from e a r l i e r  y e a r s ,  a  fundamental  problem still  e x i s t s  i n  t h a t  
t h e  o n l y  d a t a  t h e o r e t i c a l l y  u s e f u l  f o r  p o r t f o l i o  a n a l y s i s  i s  t h a t  f o r  
i n d i v i d u a l  farms.  Data  which h a s  been averaged  is  i n a p p r o p r i a t e ,  s i n c e  
f o r  example,  t h e  a v e r a g e  fa rmer  i n  1982 is  n o t  t h e  same a s  t h e  a v e r a g e  
fa rmer  i n  1962. Year t o  y e a r  changes  i n  t h e  b a l a n c e  s h e e t  o f  t h e  " a l l  
c l a s s  average"  farm c a n n o t  b e  used t o  t e s t  b e h a v i o u r a l  h y p o t h e s e s  regard-  
i n g  p o r t f o l i o  d e c i s i o n s .  
Apar t  from t h e  need f o r  a c o n s i s t e n t  s e t  o f  endogenous  d a t a  v a r i -  
a b l e s ,  t h e  major d a t a  r e q u i r e m e n t  is t h a t  o f  c a l c u l a t i n g  y i e l d s  o r  
r e t u r n s  f o r  each  s e c u r i t y  i n  t h e  p o r t f o l i o .  The y i e l d  f o r  e a c h  a s s e t  
would n e c e s s a r i l y  i n c l u d e  t h e  impact  o f  t a x a t i o n  p r o v i s i o n s ,  c o n c e s s i o n a l  
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f i n a n c e  and o t h e r  f a c t o r s  t h a t  a d j u s t  t h e  nominal  y i e l d .  For p h y s i c a l  
assets t h e  s o - c a l l e d  ' s e r v i c e  p r i c e '  is shown by Evans and Morgan (1982)  
t o  i n c l u d e  a l l  t h e s e  i n f l u e n c e s ,  measur ing t h e  t r u e  c o s t  o f  o b t a i n i n g  
t h e  s e r v i c e s  o f  a d d i t i o n a l  u n i t s  o f  t h e  a s s e t .  By d e f i n i t i o n  t h e  s e r v i c e  
p r i c e  is  a l s o  t h e  m a r g i n a l  v a l u e  o f  an  a s s e t  which would be  r e q u i r e d  t o  
make any a d d i t i o n a l  i n v e s t m e n t  p r o f i t a b l e .  The a c t u a l  m a r g i n a l  v a l u e  
p r o d u c t  o f  i n v e s t m e n t  i n  any p a r t i c u l a r  i n p u t  t o  a p r o d u c t i o n  p r o c e s s  
depends  on t h e  p r o d u c t i v i t y  o f  t h e  i n p u t  i n  p r o d u c t i o n  and t h e  v a l u e  
o f  o u t p u t .  S i n c e  r e t u r n s  t o  i n v e s t m e n t  a r e  l i k e l y  t o  be  dominated by 
o u t p u t  p r i c e s ,  an  approx imate  measure of t h e  p r o f i t a b i l i t y  o f  e x t r a  
i n v e s t m e n t  i n  any p a r t i c u l a r  p h y s i c a l  i n p u t  c a n  b e  c a l c u l a t e d  from t h e  
r a t i o  o f  real o u t p u t  p r i c e s  t o  t h e  s e r v i c e  p r i c e . '  
For i n v e s t m e n t  i n  f i n a n c i a l  a s s e t s  such  a s  d e b e n t u r e s  and s h a r e s ,  
and n e g a t i v e  f i n a n c i a l  a s s e t s  such  a s  mor tgages ,  t h e  a p p r o p r i a t e  r e a l  
i n t e r e s t  r a t e s  a r e  s t r a i g h t  forward i n d i c a t o r s  o f  a s s e t  y i e l d s .  
S e c t i o n  2.2 d e s c r i b e d  how t h e  y i e l d  on e x t r a  l a n d  i n c l u d e d  bo th  
a d d i t i o n a l  o p e r a t i n g  p r o f i t ,  and c a p i t a l  g a i n .  For  t h e  p u r p o s e s  o f  t h e  
c u r r e n t  r e s e a r c h  t h e  r e t u r n  t o  l a n d  purchase  h a s  been t a k e n  a s  c a p i t a l  
g a i n  o n l y .  One p u r p o s e  o f  t h e  p o r t f o l i o  model o f  p a s t o r a l  farming is 
t o  i n v e s t i g a t e  t h e  p o s s i b l e  r e a s o n s  why a  fa rmer  may buy more l a n d  
r a t h e r  t h a n  f u r t h e r  d e v e l o p  e x i s t i n g  l a n d  h o l d i n g s .  Both t h e  r e t u r n s  
t o  l a n d  p u r c h a s e  and l a n d  development a c t i v i t i e s  i n c l u d e  t h e  components 
o f  o p e r a t i n g  p r o f i t s  and c a p i t a l  g a i n s .  However, t h e  b a l a n c e  o f  t h e s e  
two r e t u r n s  is l i k e l y  t o  b e  we igh ted  toward p r o f i t s  i n  t h e  c a s e  o f  l a n d  
development ,  and c a p i t a l  g a i n  i n  t h e  c a s e  o f  l a n d  p u r c h a s e .  Hence, c a p i t a l  
g a i n  h a s  been used t o  approx imate  t h e  r e t u r n  t o  l a n d  p u r c h a s e .  
2.5.2 A Proposed Model S p e c i f i c a t i o n  
( 1 )  I n t r o d u c t i o n  Given t h e  d a t a  l i m i t a t i o n s  ment ioned i n  2 .5 .1  
a  s p e c i f i c a t i o n  must be  deve loped  which i n t r o d u c e s  p o r t f o l i o  c o n c e p t s ,  
w h i l e  r e t a i n i n g  t h e  i n t e r f a c e  between t h e  i n d i v i d u a l  farm and t h e  n a t i o n a l  
a g g r e g a t e  d a t a  s o u r c e s .  
The s u r v e y  d a t a  c o l l e c t e d  by t h e  NZMWBES and t h e  NZDB d o e s  c o n t a i n  
a  u s e f u l  i d e n t i t y  r e l a t i o n s h i p  between g r o s s  income, e x p e n d i t u r e ,  n e t  
income, and t h e  d i s p o s i t i o n  o f  n e t  income on a  p e r  farm b a s i s .  
N Y  = G Y  - CE - DP ( 1 8 ) ,  g e n e r a t i n g  n e t  income 
N Y = D + T + S  ( 1 9 ) ,  d i s p o s i t i o n  o f  n e t  income 
where ( a l l  r e f e r r i n g  t o  p e r  farm l e v e l  d a t a ) :  
G Y  = g r o s s  income 
N Y  = n e t  income 
CE = c u r r e n t  e x p e n d i t u r e  
DP = d e p r e c i a t i o n  f o r  t a x a t i o n  p u r p o s e s  
s e e  Appendix I f o r  a  d i s c u s s i o n  o f  t h e  s e r v i c e p r i c e  c o n c e p t .  
D = drawings  
T t a x  p a i d  
and S = s a v i n g s .  
Rear rang ing  ( 1 8 )  and (19)  p roduces  an  i d e n t i t y  which must ho ld  f o r  
c u r r e n t  income. 
While ( 1 8 ) ,  (19)  and (20)  g e n e r a t e  an  i d e n t i t y  f o r  g r o s s  income, t h e  
a v a i l a b i l i t y  o f  f i n a n c e  t o  f a r m e r s  is n o t  l i m i t e d  t o  c u r r e n t  income s i n c e  
a d d i t i o n a l  funds  may be borrowed. Also ,  t h e  c u r r e n t  income i d e n t i t y  
i g n o r e s  c a p i t a l  i n v e s t m e n t  d e c i s i o n s  which a r e  funded from e i t h e r  s a v i n g s  
o r  borrowed funds .  To i n c o r p o r a t e  t h e s e  f a c t o r s  i n  a  c o n s i s t e n t  way, 
t h e  g r o s s  income i d e n t i t y  s h o u l d  g i v e  way t o  a  c a s h  f low o r ,  g i v e n  a s s e t  
v a l u a t i o n s  a b a l a n c e  s h e e t  i d e n t i t y .  Although s u c h  a n  i d e n t i t y  canno t  
b e  d e r i v e d ,  t h e  s p e c i f i c a t i o n  d e s c r i b e d  below r e c o g n i s e s  t h e  e x i s t e n c e  
o f  such  an i d e n t i t y  by i n t r o d u c i n g  i n t e r - a c t i o n  between consumption an'd 
, inves tment  d e c i s i o n s ,  and t h e  fund ing  o f  t h e s e  d e c i s i o n s  from c u r r e n t  
income o r  borrowed f u n d s .  The s p e c i f i c a t i o n  summarised below i s  based 
on F i g u r e  1 which shows a s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  p o t e n t i a l  r ange  
o f  d e c i s i o n s  f a c i n g  a  t y p i c a l  p a s t o r a l  f a rmer .  
Before  d i s c u s s i n g  t h e  s p e c i f i c a t i o n  p r e s e n t e d  below, t h e  f l o w s  d e s c r i b e d  
by F i g u r e  2 a r e  d e s c r i b e d .  Beginning w i t h  farm-gate  o u t p u t  p r i c e s  d e c i s i o n s  
a r e  made r e g a r d i n g  t h e  l e v e l  o f  l i v e s t o c k  numbers, i n  t u r n  i n f l u e n c i n g  
t o t a l  p r o d u c t i o n  and t h e r e f o r e  g r o s s  income. I m p o r t a n t l y ,  a  d e c i s i o n  t o  
i n c r e a s e  o r  d e c r e a s e  l i v e s t o c k  numbers a f f e c t s  n o t  o n l y  t h e  l i v e s t o c k  
a s s e t  l e v e l ,  b u t  a l s o  income. For  example,  a  d e c i s i o n  t o  i n c r e a s e  l i v e s t o c k  
numbers r e q u i r e s  p o t e n t i a l  income from l i v e s t o c k  s l a u g h t e r  t o  be fo rgone .  
Income from o u t p u t s  such  a s  wool and m i l k f a t  would b e  e x p e c t e d  t o  r i s e  
however. 
Given t h e  a c t u a l  change i n  l i v e s t o c k  numbers and t h e  r e s u l t a n t  pro- 
d u c t i o n  and income l e v e l ,  income must t h e n  be  a l l o c a t e d  among working 
e x p e n d i t u r e ,  consumpt ion,  p h y s i c a l  and f i n a n c i a l  a s s e t  p u r c h a s e s ,  and 
t a x  payments. F i g u r e  2 shows t h a t  working e x p e n d i t u r e  h a s  been s u b d i v i d e d  
i n t o  f o u r  c a t e g o r i e s :  f e r t i l i s e r ,  r e p a i r s  and main tenance ,  i n t e r e s t ,  and 
o t h e r .  The f i r s t  two c a t e g o r i e s  a r e  s e p a r a t e d  o u t  b e c a u s e  t h e y  t e n d  t o  
b e  more e a s i l y  a d j u s t a b l e  i n  t h e  s h o r t - t e r m  i n  r e s p o n s e  t o  changes  i n  
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income, whereas t h e  o t h e r  t ypes  of  expend i t u re  t end  t o  be i n c u r r e d  i r r e s p e c -  
t i v e  o f  income l e v e l s .  I n t e r e s t  payments a re  i s o l a t e d  as an expend i t u re  
c a t e g o r y  because o f  t h e i r  dependence on t h e  l e v e l  of  deb t  which forms p a r t  
o f  t h e  f i n a n c i a l  p o r t f o l i o .  
Having met work ing expend i t u re ,  a  farmer must t hen  a l l o c a t e  rema in ing  
income t o  consumption, p o r t f o l i o  ad justments ,  o r  tax .  S ince  t a x  payments 
a r e  l a r g e l y  determined by t h e  l e v e l  o f  l a s t  y e a r ' s  t a x a b l e  income, t h e  
key d e c i s i o n s  r e l a t e  t o  t h e  l e v e l  o f  consumption and i n d i v i d u a l  asse t s  i n  
t h e  p o r t f o l i o .  Apar t  f rom l i v e s t o c k ,  s i x  o t h e r  c a t e g o r i e s  o f  asse t s  a r e  
i n c l u d e d  i n  t h e  p o r t f o l i o .  Two o f  these, o f f - f a r m  inves tments  and debt,  
a r e  o f  a  f i n a n c i a l  na tu re .  O f f - f a rm  investment  i s  l a r g e l y  made up o f  shares, 
debentures and bank depos i ts ,  w h i l e  deb t  i n c l u d e s  mortgages and o v e r d r a f t s .  
Debt i s  i n c l u d e d  i n  t h e  p o r t f o l i o  as a  nega t i ve  asse t .  The f o u r  p h y s i c a l  
a s s e t s  i n c l u d e  farm ( l a n d )  purchase, and c a p i t a l  expend i t u re  on l a n d  
development, b u i l d i n g s ,  and p l a n t ,  machinery and v e h i c l e s .  
( 2 )  Equat ion  Summaries 
( i )  Farm Leve l  D i s p o s i t i o n  o f  Gross Income 
( a )  Gross Income 
GY = f1 ( Q ,  P) 
( b )  Farm Expend i tu re  
FERT = f2  (GY, SU (-l), DSU, STKL ( - l ) ,  PFERT) 
RM = f3 (GY, SU, ( - l ) ,  DSU, STK ( - 1 ) )  
INT = I * TLB ( -1)  
ND : f5 (GY, SU ( - l ) ,  DSU, STK ( - 1 ) )  
C E  = FERT + RM+ INT + ND 
DPRCN : f6 (STK ( - l ) ,  G I ,  TAXD) 
( c )  Ne t  Income 
CNY = GY - CE 
CANY = CNY + ADJ 
TXNY = CANY - DPRCN 
( d )  Drawings (Consumption ) 
DW = f7 (CANY, NWTH ( -1 )  m, v )  
( e )  Taxa t i on  Payments 
T A X  = f, (TXNY ( - l ) ,  GY) 
( f )  Savings 
SAV = CANY - DW - TAX 
( i i )  P o r t f o l i o  Asset Dec is ions  
( a )  Off-farm Investments (Per-Farm) 
INVESTC gl (CANY, m, v )  
( b )  Farm Purchase (Aggregate)  
FPPRSEC = g2 (CANY, m, v )  
( c )  Net C a p i t a l  Investment  (Aggregate)  
NIL = g3 (CANY, m, v )  
NIB = g, (CANY, m, v )  
NIPMV = g5 (CANY, m, v )  
( d )  Change i n  T o t a l  L i a b i l i t i e s  (Per Farm) 
TLBC = g, (CANY, m, v )  
( i i i )  C a p i t a l  Investment  and L i a b i l i t y  I d e n t i t i e s  
( a )  Replacement C a p i t a l  Investment  
RIL = C dLi GILt-l 
i =l 
R I PMV 
( b )  Gross C a p i t a l  Investment  
GIL = NIL + RIL 
GIB = NIB + RIB 
GIPMV = NIPMV + RIPMV 
G I = GIL + GIB + GIPMV 
( c )  C a p i t a l  Stock 
STKL = STKL ( -1 )  + NIL 
STKB = STKB ( -1 )  + NIB 
STKPMV = STKPMV (-1) + NIPMV 
STK STKL + STKB + STKPMV 
( d )  T o t a l  L i a b i l i t i e s  
TLB = TLB ( -1 )  + TLBC 
A l l  expressed i nmone ta ry  terms un less  s t a t e d  o therw ise ,  and pe r  farm 
da ta  un less  s t a t e d  o therw ise .  
GY = g r o s s  income p e r  farm ( a c t u a l l y  e s t i m a t e d  f o r  e a c h  major 
p roduc t  c a t e g o r y ) .  
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= e x p e n d i t u r e  on f e r t i l i s e r ,  lime and s e e d s ,  
= e x p e n d i t u r e  on r e p a i r s  and main tenance ,  
= i n t e r e s t  p a i d ,  
= o t h e r  working e x p e n s e s  and s t a n d i n g  c h a r g e s ,  
= t o t a l  c a s h  e x p e n d i t u r e ,  
= book d e p r e c i a t i o n  c la imed  a g a i n s t  income 
= cash  n e t  income, 
= a v a i l a b l e  c a s h  n e t  income, 
= n e t  income a f t e r  d e p r e c i a t i o n  a d j u s t m e n t s ,  
= drawings ,  
= t a x a t i o n  payments,  
= s a v i n g s ,  
= change i n  o f f  farm i n v e s t m e n t s  and d e p o s i t s  p e r  farm,  
= change i n  t o t a l  number o f  open market  l a n d  u n i t s  s o l d  
( n a t i o n a l  a g g r e g a t e ) ,  
= n e t  c a p i t a l  i n v e s t m e n t  i n  l a n d  ( n a t i o n a l  a g g r e g a t e ) ,  
= n e t  c a p i t a l  i n v e s t m e n t  i n  b u i l d i n g s  ( n a t i o n a l  a g g r e g a t e ) ,  
= n e t  c a p i t a l  i n v e s t m e n t  i n  p l a n t ,  machinery ,  and t r a n s p o r t  
v e h i c l e s  ( n a t i o n a l  a g g r e g a t e ) ,  
= change i n  t o t a l  l i a b i l i t i e s  p e r  farm, 
= rep lacement  c a p i t a l  inves tment  i n  l a n d ,  
= rep lacement  c a p i t a l  inves tment  i n  b u i l d i n g s ,  
= rep lacement  c a p i t a l  inves tment  i n  p l a n t ,  machinery  and 
t r a n s p o r t  v e h i c l e s ,  
= g r o s s  c a p i t a l  i n v e s t m e n t  i n  l a n d ,  
= g r o s s  c a p i t a l  i n v e s t m e n t  i n  b u i l d i n g s ,  
= g r o s s  c a p i t a l  i n v e s t m e n t  i n  p l a n t ,  machinery and t r a n s p o r t  
v e h i c l e s ,  
= t o t a l  g r o s s  i n v e s t m e n t ,  
= c a p i t a l  s t o c k  o f  l a n d ,  
= c a p i t a l  s t o c k  o f  b u i l d i n g s ,  
= c a p i t a l  s t o c k  o f  p l a n t ,  machinery and t r a n s p o r t  v e h i c l e s ,  
= t o t a l  c a p i t a l  s t o c k ,  
= t o t a l  l i a b i l i t i e s  p e r  farm,  
= t o t a l  farm p r o d u c t i o n  ( n a t i o n a l  a g g r e g a t e ) ,  
= s u p e r p h o s p h a t e  f e r t i l i s e r  p r i c e  ( $ / t o n n e ) ,  
= farm-gate  o u t p u t  p r i c e s ,  







= t o t a l  s t o c k  u n i t s  f o r  farm t y p e  ( n a t i o n a l  a g g r e g a t e ) ,  
= change i n  t o t a l  s t o c k  u n i t s ,  
= income e q u a l i s a t i o n  and wool r e t e n t i o n  a c c o u n t  d e p o s i t s  
and w i t h d r a w a l s  p e r  farm,  
= n e t  worth  p e r  f a rm,  
v e c t o r  o f  a s s e t  y i e l d s  f o r  p o r t f o l i o  a s s e t s ,  
= v e c t o r  o f  p o r t f o l i o  a s s e t  l a g g e d  dependent  v a r i a b l e s ,  
= p h y s i c a l  decay p a t t e r n  f o r  l a n d  c a p i t a l ,  
= p h y s i c a l  decay p a t t e r n  f o r  b u i l d i n g s  c a p i t a l ,  
= p h y s i c a l  decay p a t t e r n  f o r  p l a n t ,  machinery and t r a n s p o r t  
v e h i c l e  c a p i t a l ,  
= f i r s t  y e a r  t a x  d e p r e c i a t i o n  a l lowances .  
( 3 )  D e s c r i p t i o n  o f  I n d i v i d u a l  E q u a t i o n s  
( i )  Gross  Income Income is t h e  p roduc t  o f  t o t a l  p r o d u c t i o n  and 
p r i c e .  A s  i n  Laing ( 1 9 8 2 ) ,  t h e  f u l l  model s p e c i f i c a t i o n  w i l l  c a l c u l a t e  
gross- income a s  t h e  sum o f  income from i n d i v i d u a l  g r o s s  income components.  
. 
B e h a v i o u r a l  e q u a t i o n s  w i l l  be e s t i m a t e d  f o r  t h e s e  components. 
( i i )  Farm E x p e n d i t u r e  Four c a t e g o r i e s  o f  farm e x p e n d i t u r e :  
f e r t i l i s e r ,  r e p a i r s  and main tenance ,  i n t e r e s t ,  and d e p r e c i a t i o n  a r e  s e p a r a t e d  
from t o t a l  e x p e n d i t u r e  t o  form a  f i f t h  r e s i d u a l  e x p e n d i t u r e  c a t e g o r y ,  "o the r1 ' .  
F e r t i l i s e r ,  and r e p a i r s  and main tenance  t e n d  t o  f l u c t u a t e  more t h a n  o t h e r  
c a t e g o r i e s  o f  e x p e n d i t u r e ,  b o t h  b e i n g  h i g h l y  r e l a t e d  t o  changes  i n  income. 
I n t e r e s t  and d e p r e c i a t i o n  show less f l u c t u a t i o n  b u t  a r e  i s o l a t e d  a s  t h e y  
p r o v i d e  an  i m p o r t a n t  l i n k  between a g g r e g a t e  inves tment  and farm l e v e l  
e x p e n d i t u r e  d e c i s i o n s .  Gross  c a p i t a l  i n v e s t m e n t  ( E q u a t i o n s  43 t o  4 6 )  
i n f l u e n c e s  d e p r e c i a t i o n  payments.  I n t e r e s t  payments a r e  assumed t o  be 
d e t e r m i n e d . a s  an i d e n t i t y  between t h e  opening l e v e l  o f  d e b t  and t h e  r a t e  o f  
l n t e r e s t  payab le .  Thus, i n t e r e s t  payments a r e  cons ide red .  a f i x e d  c o s t .  I n t e r e s t  
payments a r i s i n g  from new d e b t  a r e  assumed t o  be  i n c u r r e d  i n  t h e  f o l l o w i n g  
y e a r .  
Given t h a t  f e r t i l i s e r  and r e p a i r s  and maintenance e x p e n d i t u r e  a r e  
e x p e c t e d  t o  b e  s e n s i t i v e  t o  f l u c t u a t i o n s  i n  income, t h e  g r o s s  income 
v a r i a b l e  i n  t h e i r  e q u a t i o n  s p e c i f i c a t i o n s  cou ld  e n t e r  i n t o  t h e  e q u a t i o n  
i n  change form a s  w e l l  a s  t h e  a b s o l u t e  l e v e l .  Maintenance f e r t i l i s e r  
a p p l i c a t i o n  and unavo idab le  r e p a i r s  and maintenance a r e  accoun ted  f o r  
by t h e  l a g g e d  c a p i t a l  s t o c k  and t o t a l  s t o c k  u n i t  v a r i a b l e s .  
( i i i )  Net Income Cash n e t  income i s  ad jus ted  f o r  d e p o s i t s  
( w i t h d r a w a l s )  i n  ( f r om)  e i t h e r  t h e  income e q u a l i s a t i o n  o r  wool income 
r e t e n t i o n  schemes. The d i f f e r e n c e  between a v a i l a b l e  n e t  income and depre- 
c i a t i o n  i s  an i n d i c a t i o n  o f  t a x a b l e  income, which determines t h e  f o l l o w i n g  
y e a r s '  t a x a t i o n  commitment. 
( i v )  Drawings Drawings, t o g e t h e r  w i t h  a v a i l a b l e  n e t  income 
and t a x  payments determine t h e  l e v e l  o f  sav ings.  The vec to r s  m and v  
desc r i bed  i n  t h e  p o r t f o l i o  model i n  s e c t i o n  2.4.3 e n t e r  equa t ion  31. The 
use o f  these  v a r i a b l e s  r e f l e c t s  t h e  in terdependence o f  investment  and 
consumption dec i s i ons .  
A number o f  a l t e r n a t i v e  hypotheses r e g a r d i n g  producers consumption 
behav iour  can be t e s t e d  i n  t h e  drawings e q u a t i o n  a p a r t  from t h e  b a s i c  
p o r t f o l i o  hypo thes is .  As t h e  equa t i on  i s  s p e c i f i e d ,  a  s imp le  Keynsian 
model u n d e r l i e s  equa t ion  31, s i n c e  consumption i s  a  f u n c t i o n  o f  income 
and w e a l t h  ( i g n o r i n g  t h e  p o r t f o l i o  v a r i a b l e s ) .  Other hypotheses which, 
a r e  capable o f  be ing  t e s t e d  by t h e  equa t i on  would i n c l u d e :  
( a )  The h a b i t  p e r s i s t e n c e  model: Th i s  model i s  based on t h e  
p a r t i a l  ad justment  mechanism which assumes t h a t  c u r r e n t  
consumption i s  dependent on p r e v i o u s  consumption, and 
e n t a i l s  t h e  i n c l u s i o n  o f  a  lagged dependent v a r i a b l e  i n  
t h e  s p e c i f i c a t i o n .  
( b )  The r e l a t i v e / t r a n s i t o r y  income model: I ns tead  o f  hav ing  
income represen ted  by t h e  c u r r e n t  l e v e l  o f  income, t h e  
change i n  income would a l s o  be i n c l u d e d  i n  t h e  equat ion .  
The concept o f  t r a n s i t o r y  income can a l s o  be represen ted  
by consumption b e i n g  made a  f u n c t i o n  o f  some average l e v e l  
o f  income and t h e  d i f f e r e n c e  between c u r r e n t  income and 
t h i s  average l e v e l .  
( c )  The adap t i ve  expec ta t i ons  model: Consumption i s  de te r -  
mined by expected r a t h e r  t han  a c t u a l  income. The 
adap t i ve  expec ta t i ons  model r e q u i r e s  t h a t  t h e  consumption 
equa t i on  i n c l u d e s a  lagged dependent v a r i a b l e ,  and b o t h  
c u r r e n t  and lagged va lues  o f  every  o t h e r  v a r i a b l e .  
The permanent income hypo thes i s  i s  a  s p e c i a l  case o f  t h e  a d a p t i v e  
e x p e c t a t i o n s  model. Consumption i s  assumed p r o p o r t i o n a l  t o  expected 
income i n  t h a t  t h e  consumption equa t i on  exc ludes  a cons tan t  term. Given 
t h e  a d d i t i o n a l  lagged v a r i a b l e s  r e q u i r e d  t o  t e s t  an adapt i ve  expec ta t i ons /  
permanent income hypo thes is  and t h e  s m a l l  sample a v a i l a b l e  f o r  e s t i m a t i o n  
(1960-1981), these  t h e o r i e s  cannot be t es ted .  
( v )  Taxa t ion  Payments Under t h e  p resen t  t a x a t i o n  system, 
farmers u s u a l l y  pay t a x  based on l a s t  y e a r ' s  t a x a b l e  income. A d d i t i o n a l  
t a x  i s  p a i d  o r  t a x  re funds  made when t h e  a c t u a l  l e v e l  o f  c u r r e n t  n e t  income 
i s  known. Gross income appears i n  e q u a t i o n  (32)  t o  r e f l e c t  p o s s i b l e  t a x  
payment s t a b i l i s a t i o n  behaviour ,  i n  t h a t  t a x  may be p r e p a i d  w i t h  c u r r e n t  
income r a t h e r  t h a n  w a i t  u n t i l  t h e  f o l l o w i n g  year  t o  pay t h e  t a x  when 
i t  becomes due, l o w e r i n g  t h e  f o l l o w i n g  y e a r ' s  t a x  burden. Also, t a x  may 
be p repa id  o u t  o f  c u r r e n t  income s i n c e  n e x t  year  income may n o t  be as 
a v a i l a b l e  t o  meet h i g h  t a x  commitments. 
( v i )  Savinqs Savings rep resen t  t h e  amount o f  funds generated 
from t h e  c u r r e n t  y e a r ' s  fa rming  o p e r a t i o n  t h a t  has been e i t h e r  i n v e s t e g  
o f f  farm, i n v e s t e d  i n  on-farm c a p i t a l  s t ock ,  i n v e s t e d  i n  a d d i t i o n a l  l a n d  
purchase, o r  used t o  pay o f f  c a p i t a l  debt .  I n  t heo ry  t h e  sav ings  r e s i d u a l  
c a l c u l a t e d  by equa t i on  (33)  should be equa l  t o  t h e  sum of t he  s i x  p o r t f o l i o  
asse ts  c a l c u l a t e d  i n  equa t ions  (34)  t o  (39) .  O f  course, t he  f a c t  t h a t  
most o f  t h e  d a t a  s e r i e s  f o r  these asse t s  a r e  o n l y  a v a i l a b l e  f o r  t h e  n a t i o n a l  
aggregate means t h a t  t h i s  w i l l  n o t  be so i n  p r a c t i c e .  
4 ( v i i )  P o r t f o l i o  Asset Dec i s i ons  The equat ions  s p e c i f i e d  
f o r  t h e  asse t  demands (equa t ions  (34)  t o  ( 3 9 ) )  i n c l u d e  b o t h  t h e  l e v e l  
and change i n  a v a i l a b l e  n e t  income, r e t u r n s  t o  each i n d i v i d u a l  asset ,  
and t h e  lagged l e v e l  o f  each endogenous asse t .  As can be seen by t h e  
' d i s cuss ion  i n  s e c t i o n s  2.2, 2,3 and 2.4, t h i s  genera l  s p e c i f i c a t i o n  i s  
c o n s i s t e n t  w i t h  a  number o f  a l t e r n a t i v e  approaches t o  v iew ing  farm d e c i s i o n  
making. The gene ra l  farm investment  model o u t l i n e d  i n  s e c t i o n s  2.2 and 
2.3 viewed t h e  f a r m e r ' s  o b j e c t i v e  f u n c t i o n  as hav ing  arguments o f  consump- 
t i o n  and wea l th ,  w h i l e  i n  s e c t i o n  2.4 t h e  more conven t i ona l  p o r t f o l i o  
model desc r i bed  t h e  o b j e c t i v e  f u n c t i o n  i n  terms o f  t he  l e v e l  and s t a b i l i t y  
o f  income. A number o f  s t u d i e s  concerned w i t h  i n p u t  demand f u n c t i o n s  
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see Appendix I1  f o r  a  d i scuss ion  o f  t h e  t r ea tmen t  o f  p h y s i c a l  deprec ia -  
t i o n  i n  t h e  p resen t  model. U n l i k e  t h e  Vers ion  Two model, t he  d e c l i n i n g  
geometr ic  decay p a t t e r n  i s  n o t  u t i l i s e d .  Ins tead ,  a  s t r a i g h t - l i n e  depre- 
c i a t i o n  schedule f o r  a  s e r v i c e  l i f e  o f  50 years i s  assumed f o r  l a n d  and 
b u i l d i n g s ,  w h i l e  f o r  p l a n t ,  machinery and t r a n s p o r t  veh i c l es ,  a  15 year s e r v i c e  
l i f e  and a geometr ic  i n c r e a s i n g  decay p a t t e r n  is assumed. 
d i s c u s s e d  i n  S e c t i o n  2 .4 .3  a l s o  d e r i v e d  t h e  c h a r a c t e r i s t i c  p o r t f o l i o  model 
e s t i m a t i n g  form. 
( 4 )  E s t i m a t i o n  o f  P o r t f o l i o  Model 
( i )  S e l e c t i o n  o f  E s t i m a t i o n  Technique I n  t h e  d i s c u s s i o n  o f  
t h e  t h e o r e t i c a l  p o r t f o l i o  model ( S e c t i o n  2 .4 .3)  i t  was d e s c r i b e d  how t h e  
C O - e f f i c i e n t s  a s s o c i a t e d  w i t h  p a r t i c u l a r  v a r i a b l e s  were c o n s t r a i n e d  bo th  
w i t h i n  and a c r o s s  e q u a t i o n s .  These c o n s t r a i n t s  were  imposed by t h e  e x i s t e n c e  
o f  c a s h  f l o w / b a l a n c e  s h e e t  i d e n t i t i e s .  The t h e o r e t i c a l  p o r t f o l i o  models 
developed i n  2 .4 .3  a r e  a l s o  h i g h l y  n o n - l i n e a r  i n  t h e i r  pa ramete r s .  Given 
t h e s e  n o n - l i n e a r i t i e s ,  and t h e  s i m u l t a n e o u s  s t r u c t u r e  o f  p o r t f o l i o  models 
w i t h  endogenous b a l a n c e  s h e e t  i d e n t i t i e s ,  t h e  b e s t  e c o n o m e t r i c  t e c h n i q u e  
w i t h  which a  p o r t f o l i o  model s h o u l d  be  t e s t e d ,  would be  a  s i m u l t a n e o u s  
t e c h n i q u e  c a p a b l e  o f  n o n - l i n e a r  e s t i m a t i o n  s u c h  a s  t h r e e  s t a g e  l e a s t  
s q u a r e s  (3SLS) o r  f u l l  i n f o r m a t i o n  maximum-likelihood (FIML). 
I n  s e e k i n g  t o  a p p l y  t h e  p o r t f o l i o  model t o  t h e  p a s t o r a l  s e c t o r  model,  
t h e  d i s c u s s i o n  i n  s e c t i o n  2 . 5 . 1  showed how w i t h  d a t a  o n l y  b e i n g  a v a i l a b l e  
a t  d i f f e r e n t  l e v e l s  o f  a g g r e g a t i o n  f o r  endogenous v a r i a b l e s  i n  t h e  p o r t -  
f o l i o ,  t h e  e s t i m a t i o n  c o n s t r a i n t s  s u g g e s t e d  by t h e  t h e o r e t i c a l  model c o u l d  
n o t  be  a p p l i e d .  
The s p e c i f i c a t i o n  deve loped  i n  2 .5 .2  ( 3 )  f u r t h e r  s i m p l i f i e d  t h e  
t h e o r e t i c a l  approach  by r e t a i n i n g  t h e  Vers ion  Two s t r u c t u r e  o f  a  pre-  
de te rmined  g r o s s  income v a r i a b l e  e n t e r i n g  t h e  i n v e s t m e n t  model. Gross 
income is p r e d e t e r m i n e d  because  d e c i s i o n s  r e g a r d i n g  l i v e s t o c k  numbers 
i n  any p a r t i c u l a r  y e a r  a r e  made p r i o r  t o  o t h e r  p o r t f o l i o  d e c i s i o n s .  
The s e p a r a t i o n  o f  t h e  l i v e s t o c k  c a p i t a l  a s s e t s  o u t  o f  t h e  o v e r a l l  p o r t -  
f o l i o  decis ion-making model d e n i e s  an  i m p o r t a n t  s i m u l t a n e o u s  l i n k  between 
l i v e s t o c k  and t h e  i n a n i m a t e  a s s e t s .  However, a s  t h e  f o l l o w i n g  c h a p t e r  
d e s c r i b e s ,  t h e  e q u a t i o n  s p e c i f i c a t i o n  f o r  t h e  l i v e s t o c k  a s s e t s  show t h a t  
i n t e r a c t i o n s  between d i f f e r e n t  c a t e g o r i e s  o f  l i v e s t o c k  a r e  c o n s i d e r e d  
more i m p o r t a n t  t h a n  t h e  i n t e r a c t i o n  between d e c i s i o n s  r e g a r d i n g  l e v e l s  
o f  l i v e s t o c k  and i n a n i m a t e  c a p i t a l  a s s e t s .  The d i s a g g r e g a t i o n  o f  t h e  
l i v e s t o c k  numbers model i n t o  s h e e p ,  bee f  c a t t l e  and d a i r y  c a t t l e  components,  
f u r t h e r  d i f f e r e n t i a t e d  by age  and s e x ,  c r e a t e s  a s  t h e  f o c a l  p o i n t  o f  t h e  
e q u a t i o n  s p e c i f i c a t i o n s  t h e  l i v e s t o c k  demographic i n t e r r e l a t i o n s  between 
l i v e s t o c k  c a t e g o r i e s ,  and t h e  r e l a t i v e  economic r e t u r n s  f o r  each  l i v e s t o c k  
c a t e g o r y .  C e r t a i n  p o r t f o l i o  v a r i a b l e s  ( n e t  c a p i t a l  i n v e s t m e n t )  do e n t e r  
t h e  l i v e s t o c k  numbers e q u a t i o n s  r e c u r s i v e l y  which r e c o g n i s e s  t h a t  p o r t f o l i o  
d e c i s i o n s  do i n t e r a c t  w i t h  t h e  l i v e s t o c k  number p o r t f o l i o  by i n f l u e n c i n g  
t h e  o v e r a l l  c a r r y i n g  c a p a c i t y  o f  f a rmland .  
Table  1 summarises  t h e  model and o u t l i n e s  t h e  dynamics which a r e  
i n h e r e n t  i n  t h e  s p e c i f i c a t i o n  developed i n  s e c t i o n  2.5.2. The l a c k  o f  
an  e x p l i c i t  b a l a n c e  s h e e t  i d e n t i t y  and t h e  h i e r a r c h i a l  d e c i s i o n  making 
p r o c e s s  s p e c i f i e d  w i t h i n  t h e  p o r t f o l i o  ( i n  t h a t  l i v e s t o c k  numbers a r e  
de te rmined  p r i o r  t o  o t h e r  a s s e t  d e c i s i o n s )  g e n e r a t e s  a  r e c u r s i v e  model 
s t r u c t u r e .  The g e n e r a l  r e c u r s i v e  n a t u r e  o f  t h e  model s u g g e s t s  a  s i n g l e  
e q u a t i o n  approach  t o  e s t i m a t i o n .  I f  t h e  p a r a m e t e r s  were l i n e a r ,  o r d i n a r y  
l e a s t - s q u a r e s  (OLS) would be a p p r o p r i a t e .  S i n c e  n o n - l i n e a r i t i e s  i q  t h e  
p a r a m e t e r s  d o e s  e x i s t  a  n o n - l i n e a r  s i n g l e - e q u a t i o n  l e a s t  s q u a r e s  e s t i m a t o r  
shou ld  be  used .  However, c l o s e  s c r u t i n y  o f  t h e  g e n e r a l  e s t i m a t i n g  form 
( e q u a t i o n  1 7 )  r e v e a l s  t h a t  e s t i m a t i o n  o f  t h e  f u l l  non- l inea r  model would 
r e q u i r e  a  c o n s i d e r a b l e  t i m e  s e r i e s  t o  e n s u r e  enough d e g r e e s  o f  freedom 
f o r  e s t i m a t i o n  t o  t a k e  p l a c e .  A v a i l a b l e  d a t a  do no t  p r o v i d e  t h e  neces,- 
s a r y  t ime  s e r i e s  l e n g t h .  Thus, i t  i s  n e c e s s a r y  t o  l i n e a r i s e  t h e  p a r a m e t e r s  
and a c c e p t  t h a t  w h i l e  i n d i v i d u a l  p a r a m e t e r s  i n  e q u a t i o n s  can be  i d e n t i f i e d  
from t h e  l i n e a r  e s t i m a t e s ,  t h e i r  s i g n i f i c a n c e  c a n n o t  be  t e s t e d  i n d i v i d u a l l y .  
Also ,  a c r o s s  e q u a t i o n  c o n s t r a i n t s  t h a t  t h e  c o e f f i c i e n t s  f o r  t h e  d e s i r e d  
s t o c k  e q u a t i o n  f o r  e a c h  a s s e t  be  e q u a l  c a n n o t  be  imposed. Th i s  c o n s t r a i n t  
a r i s e s  s i n c e  t h e  d e s i r e d  s t o c k  e q u a t i o n  ( e q u a t i o n  1 1 )  f o r  each a s s e t  is  
s u b s t i t u t e d  i n t o  e v e r y  a s s e t ' s  a d j u s t m e n t  e q u a t i o n  ( e q u a t i o n  1 2 ) .  I n  
t h e o r y  t h e  c o e f f i c i e n t s  o f  t h e  d e s i r e d  s t o c k  e q u a t i o n  do n o t  change depend- 
i n g  on which a s s e t ' s  inves tment  e q u a t i o n  t h e y  appear  i n .  
Given t h e  r e c u r s i v e  n a t u r e  o f  t h e  p o r t f o l i o  model, and t h e  l i n e a r i -  
s a t i o n  o f  t h e  e s t i m a t i o n  form, OLS i s  a n  a p p r o p r i a t e  t e c h n i q u e  w i t h  which 
t o  e s t i m a t e  t h e  c o e f f i c i e n t s  o f  t h e  b e h a v i o u r a l  e q u a t i o n s .  However, 
f o r  t h e  consumption and p o r t f o l i o  a s s e t  e q u a t i o n s ,  t h e  e x i s t e n c e  o f  a  
c a s h  f l o w / b a l a n c e  s h e e t  i d e n t i t y  c o n s t r a i n t ,  though n o t  a b l e  t o  be  imposed 
d u r i n g  e s t i m a t i o n ,  p o i n t s  t o  t h e  need f o r  t h e  e s t i m a t i o n  t e c h n i q u e  t o  
accoun t  a t  l e a s t  p a r t i a l l y  f o r  t h e  i n t e r - d e p e n d e n c i e s  between i n d i v i d u a l  
a s s e t  l e v e l  d e c i s i o n s .  OLS, a  s i n g l e - e q u a t i o n  e s t i m a t i n g  t e c h n i q u e ,  
does  n o t  a c c o u n t  f o r  any a c r o s s  e q u a t i o n  i n f l u e n c e s  on pa ramete r  e s t i m a t e s .  
One e s t i m a t i n g  t e c h n i q u e  f o r  e s t i m a t i n g  s y s t e m s  o f  e q u a t i o n s  is seeming ly  
u n r e l a t e d  r e g r e s s i o n  (SUR). I n  SUR, c o r r e l a t i o n s  between t h e  d i s t u r b a n c e  
o r  e r r o r  terms i n  p a r t i c u l a r  e q u a t i o n s  a r e  u t i l i s e d  d u r i n g  e s t i m a t i o n .  

A p o r t f o l i o  model is  an obv ious  c a s e  when SUR is a p p r o p r i a t e ,  s i n c e  t h e  
p o r t f o l i o  e q u a t i o n s  s h a r e  a  common a v a i l a b i l i t y  o f  funds  c o n s t r a i n t  (which 
i n  t h e  p r e s e n t  model c a n n o t  be  imposed e x p l i c i t l y ) .  SUR w i l l  a ccoun t  
f o r  t h i s  i m p l i c i t  c o n s t r a i n t ,  t h e  r e s u l t i n g  p a r a m e t e r  e s t i m a t e s  b e i n g  
more e f f i c i e n t  t h a n  s i m p l e  OLS ( s e e  Harvey ( 1 9 8 1 ) ,  p. 67-73). 
( i i )  E s t i m a t i o n  R e s u l t s  
( a )  I n t r o d u c t i o n  T a b l e s  2 t o  7 summarise t h e  e s t i m a t i o n  r e s u l t s  
f o r  t h e  income, e x p e n d i t u r e  and p o r t f o l i o  models o f  sheep  and b e e f ,  and 
d a i r y  farms.  The e s t i m a t i o n  p e r i o d  f o r  t h e  s h e e p  and bee f  model i s  
1960-1981, and f o r  t h e  d a i r y  model 1965-1981. 5 
A f e a t u r e  o f  t h e  r e s u l t s  is t h e  c o n s i s t e n c y  i n  e q u a t i o n  s p e c i f i c a t i o n s  
w i t h i n  t h e  e q u a t i o n  g roups  ( income, e x p e n d i t u r e ,  p o r t f o l i o )  and a c r o s s  
farm t y p e s  ( s h e e p  and b e e f ,  d a i r y ) .  Sometimes,  c o n s i s t e n c y  h a s  been 
r e t a i n e d  a t  t h e  expense  o f  s t a t i s t i c a l  s i g n i f i c a n c e .  
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Some changes  i n  t h e  s p e c i f i c a t i o n  o f  t h e  e s t i m a t e d  e q u a t i o n s  a s  
compared t o  t h e  o r i g i n a l  s p e c i f i c a t i o n s  s h o u l d  be  no ted .  F i r s t l y ,  a s s e t  
y i e l d s  i n  t h e  p o r t f o l i o  e q u a t i o n s  ( T a b l e s  4 and 7 )  a r e  i n  f i r s t  d i f f e r e n c e  
form i n  o r d e r  t o  overcome a  h i g h  d e g r e e  o f  m u l t i c o l l i n e a r i t y  between some 
y i e l d s .  Second ly ,  t h e  c a p i t a l  s t o c k  and g r o s s  i n v e s t m e n t  v a r i a b l e s  i n  t h e  
p e r  farm e x p e n d i t u r e  e q u a t i o n s  ( T a b l e s  3 and 6 )  a r e  n o t  a lways  i n  a b s o l u t e  
l e v e l s  a s  was o r i g i n a l l y  s p e c i f i e d .  I n s t e a d ,  t h e  l e v e l s  o f  t h e  v a r i a b l e s  
d i v i d e d  by open ing  numbers o f  t o t a l  s t o c k  u n i t s w e r e g e n e r a t e d ,  s o  t h a t  
e a c h v a r i a b l e  i n  t h e  e q u a t i o n  became c a p i t a l  p e r  s t o c k  u n i t .  I t  was f e l t  
n e c e s s a r y  t o  t e s t  t h i s  measure i n  t h e  per-farm e x p e n d i t u r e  e q u a t i o n s  
s i n c e  t h e  c a p i t a l  d a t a  used i n  t h e  m o d e l w e r e a g g r e g a t e  New Zealand d a t a .  
I n  t h e  d a i r y  s e c t o r ~ e s p e c i a l l y ,  t r e n d s  i n  a v e r a g e  farm and he rd  s i z e s  
have gone i n  o p p o s i t e  d i r e c t i o n s  t o  t o t a l  s t o c k  u n i t s ,  s o  a  measure o f  
c a p i t a l  p e r  s t o c k  u n i t  is probab ly  more r e l e v a n t  a t  t h e  i n d i v i d u a l  farm 
l e v e l .  
( b )  Sheep and Beef Farm Model 
Gross  Income Components The e q u a t i o n s  f o r  i n d i v i d u a l  components 
o f  s h e e p  and b e e f  farm incomes a r e  p r e s e n t e d  i n  Tab le  2 .  P r e d i c t a b l y ,  
5 A l l  v a r i a b l e  names c o n t a i n e d  i n  T a b l e s  2 t o  7  a r e  d e f i n e d  i n  Appendix 111. 
The b rackeked  numbers a f t e r  v a r i a b l e  names i n  t h e  t a b l e s  i n d i c a t e  l a g g e d  
v a r i a b l e s ,  w h i l e  t h e  b r a c k e t e d  numbers under  c o e f f i c i e n t s  a r e  t - s t a t i s t i c s .  
t h e  v e r y  s i m p l e  r e l a t i o n s h i p s  be tween t h e  volume o f  p r o d u c t i o n ,  u n i t  
v a l u e s  and  t h e  l e v e l  o f  income h a v e  h i g h  s t a t i s t i c a l  s i g n i f i c a n c e .  I n  
e a c h  e q u a t i o n ,  t h e  v a r i a b l e  w i t h  t h e  h i g h e s t  c o n t r i b u t i o n  t o  t h e  o v e r a l l  
e x p l a n a t i o n  was p r i c e ,  r e f l e c t i n g  t h e  r e l a t i v e  i m p o r t a n c e  o f  p r i c e  and 
p r o d u c t i o n  f l u c t u a t i o n s  i n  e x p l a i n i n g  c h a n g e s  i n  g r o s s  income,  
E x p e n d i t u r e  T a b l e  3 summar i se s  farm l e v e l  e x p e n d i t u r e ,  d e p r e c i a t i o n  
and  t a x a t i o n  e q u a t i o n  estimates. The l e v e l  and  c h a n g e  i n  g r o s s  income 
h a s  been  i n c l u d e d  i n  t h e  f e r t i l i s e r ,  r e p a i r s  a n d  m a i n t e n a n c e ,  and  ' o t h e r '  
e x p e n d i t u r e  c a t e g o r i e s .  I n  e a c h  e q u a t i o n ,  t h e  c o e f f i c i e n t  a t t a c h e d  t o  
t h e  l e v e l  o f  g r o s s  income is  p o s i t i v e ,  and  more s i g n i f i c a n t  t h a n  t h e  
c h a n g e  i n  income v a r i a b l e .  I n  t h e  r e p a i r s  and  m a i n t e n a n c e  and  ' o t h e r '  
e x p e n d i t u r e  e q u a t i o n ,  t h e  n e g a t i v e  c o e f f i c i e n t s  on  t h e  c h a n g e  i n  income 
v a r i a b l e  ( and  t h e  f a c t  t h a t  t h e y  a r e  a b s o l u t e l y  l e s s  t h a n  t h e  l e v e l  o f  
income c o e f f i c i e n t s )  s u g g e s t  t h a t  g r o s s  income f l u c t u a t i o n s  do n o t  p r o d u c e  
s i m i l a r  f l u c t u a t i o n s  i n  t h e s e  e x p e n d i t u r e  c a t e g o r i e s .  I n  c o n t r a s t ,  t h e  
p o s i t i v e  s i g n  on  t h e  c h a n g e  i n  income v a r i a b l e  i n  t h e  f e r t i l i s e r  e q u a t i o n  
r e i n f o r c e s  t h e  p o s i t i v e  s i g n  on  t h e  income l e v e l  v a r i a b l e .  F e r t i l i s e r  
u s e  i s  t h e r e f o r e  more s u b j e c t  t o  income v a r i a t i o n  t h a n  o t h e r  e x p e n d i t u r e  
c a t e g o r i e s .  
The l e v e l  and  c h a n g e  i n  t o t a l  s t o c k  u n i t  v a r i a b l e s  c a n  b e  i n t e r p r e t e d  
i n  a similar way t o  t h e  g r o s s  income v a r i a b l e s .  Aga in ,  r e p a i r s  and  main- 
t e n a n c e  e x p e n d i t u r e  d o e s  n o t  r e f l e c t  t h e  same d e g r e e  o f  v a r i a t i o n  a s  t o t a l  
s t o c k  u n i t s .  ' O t h e r '  e x p e n d i t u r e  v a r i a t i o n  howeve r ,  is r e i n f o r c e d  by 
t o t a l  s t o c k  u n i t  f l u c t u a t i o n s .  
C a p i t a l  i n t e n s i t y  on  s h e e p  and  b e e f  f a r m s ,  r e f l e c t e d  by t o t a l  c a p i t a l  
s t o c k  p e r  s t o c k  u n i t ,  i s  a  s i g n i f i c a n t  v a r i a b l e  i n  b o t h  t h e  r e p a i r s  and  
m a i n t e n a n c e  and  ' o t h e r '  e x p e n d i t u r e  c a t e g o r y .  I n c r e a s e s  i n  c a p i t a l  
i n t e n s i t y  are shown by t h e  r e g r e s s i o n  r e s u l t s  t o  p o s i t i v e l y  a f f e c t  e x p e n d i -  
t u r e  on r e p a i r s  and  m a i n t e n a n c e ,  b u t  t o  r e d u c e  ' o t h e r '  e x p e n d i t u r e .  
The d e p r e c i a t i o n  and  t a x a t i o n  e q u a t i o n  e s t i m a t i o n  r e s u l t s  a r e  sat-  
i s f a c t o r y  i n  t h a t  t h e  c o e f f i c i e n t s  a r e  g e n e r a l l y  s i g n f i c a n t  and  have  
t h e i r  e x p e c t e d  s i g n s .  Only t h e  t o t a l  g r o s s  i n v e s t m e n t  v a r i a b l e  i n  t h e  
d e p r e c i a t i o n  e q u a t i o n  is i n s i g n i f i c a n t  and  h a s  a n  a p r i o r i  u n e x p e c t e d  
s i g n .  The income v a r i a b l e s  u s e d  i n  b o t h  e q u a t i o n s  a r e  p o s i t i v e  and  s i g -  
n i f i c a n t ,  s u g g e s t i n g  a  t e n d e n c y  t o  c l a i m  more d e p r e c i a t i o n  a l l o w a n c e s  i n  
TABLE 2 
Gross Income Components p e r  Sheep and Beef Farm 
(1960-1981 ) 
Endogenous 
Pre-determined Wool Sheepmeats Beef  
MWBGYW MWBGYS MWBGYB 
Constant -16424.1 235.00 
-2199.83 

















OLS Summary S t a t i s t i c s :  
0.92 0.89 0.87 
0.91 0.87 0.86 
F 107.42 46.79 63.47 
DW 1.17 1.28 1.57 
TABLE 3 
Cash Expenditure, Depreciation and Taxation Payments 
pe r  Sheep and Beef Farm 
(1960-1981) 
Endogenous 
and Other Depreciation Tax F e r t i l i s e r  Maintenance 







Stock Uni ts  
Level  
suss<- 1
F e r t i l i s e r  Pr i ce  
PFERTR 
FERTDUM 
Cap i ta l  I n t e n s i t y  
SKHOSB(-1) 
To ta l  Gross Investment 
GISB 
Tax Depreciat ion Allowances 
TAXM 
Taxable Net Income 
MWBTXNY(-1) 
TIME 
OLS Summary S t a t i s t i c s :  
F 
DW 
y e a r s  o f  h igh  income, and t o  pay t a x  i n  sympathy w i t h  f l u c t u a t i o n s  i n  
g r o s s  income. T h i s  l a t t e r  r e s u l t  was a  l i t t l e  unexpec ted .  A n e g a t i v e  
c o e f f i c i e n t  i n  t h e  t a x  e q u a t i o n  would have s u g g e s t e d  t a x  a v e r a g i n g  b e h a v i o u r  
by f a r m e r s ,  s i n c e  f l u c t u a t i n g  t a x a t i o n  l i a b i l i t y  may l e a d  t o  cash  f low 
problems,  and h i g h e r  t o t a l  t a x  payments i n  t h e  long- run .  
( c )  Drawinqs and P o r t f o l i o  A s s e t s  Tab le  4 r e p o r t s  t h e  SUR e s t i -  
ma t ion  r e s u l t s  f o r  t h e  s h e e p  and bee f  farm d r a w i n g s  and p o r t f o l i o  a s s e t  
model. Unl ike  t h e  OLS r e s u l t s  r e p o r t e d  i n  T a b l e s  2  and 3 ,  SUR r e s u l t s  
do n o t  r e p o r t  a n  R-squared o r  F - s t a t i s t i c ,  s i n c e  e q u a t i o n s  a r e  n o t  e s t i m a t e d  
i n d i v i d u a l l y  b u t  a s  a  sys tem.  A common s t a t i s t i c  i n  SUR and OLS r e g r e s s i o n '  
i s  t h e  s t a n d a r d  e r r o r  o f  t h e  r e g r e s s i o n  (SER) which measures  t h e  d i s p e r s i o n  
o f  t h e  e r r o r  term around t h e  e s t i m a t e d  r e g r e s s i o n  l i n e .  Q u a s i  R-squared 
and F - s t a t i s t i c s  c o u l d  be  c a l c u l a t e d  u s i n g  SUR, b u t  g i v e n  t h a t  t h e  SER 
is  an i m p o r t a n t  component o f  bo th  t h e s e  s t a t i s t i c s ,  t h e  SER can s e r v e  a s  
t h e  i n d i c a t o r  o f  e a c h  e q u a t i o n s  g o o d n e s s - o f - f i t ;  t - s t a t i s t i c s  a r e  used t o  
judge  t h e  s i g n i f i c a n c e  o f  i n d i v i d u a l  pa ramete r  e s t i m a t e s .  . 
O v e r a l l ,  t h e  r e g r e s s i o n  r e s u l t s  r e p o r t e d  i n  Table  4 s u p p o r t  t h e  
g e n e r a l  s t r u c t u r e  o f  t h e  model s p e c i f i e d .  About 70 p e r  c e n t  o f  t h e  
t - s t a t i s t i c s  r e p o r t e d  a r e  g r e a t e r  t h a n ,  o r  e q u a l  t o  1 . 3 ,  t h e  c r i t i c a l  
v a l u e  a t  a  1 0  p e r  c e n t  ( o n e - t a i l e d )  l e v e l  o f  s i g n i f i c a n c e .  Over 35 p e r  
c e n t  e q u a l  o r  exceed  2 . 4 ,  t h e  c r i t i c a l  v a l u e  f o r  a  1 p e r  c e n t  l e v e l  o f  
s i g n i f i c a n c e .  These r e s u l t s  a r e  a s i g n i f i c a n t  improvement on p r e l i m i n a r y  
r e g r e s s i o n  e s t i m a t e s  o b t a i n e d  u s i n g  OLS. SUR e s t i m a t i o n  improved t h e  
e f f i c i e n c y  o f  i n d i v i d u a l  pa ramete r  e s t i m a t e s  ( a s  ev idenced  by h i g h e r  
t - s t a t i s t i c s ) ,  a s  well a s  r e d u c i n g  t h e  SER's by a t  l e a s t  30 and up t o  
60 p e r  c e n t  ( s e e  Appendix IV). 
Apar t  from t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  i n d i v i d u a l  c o e f f i c i e n t s  
and e q u a t i o n s ,  t h e  s i z e  and s i g n  o f  t h e  e s t i m a t e d  c o e f f i c i e n t s  a r e  i m p o r t a n t  
i n  e v a l u a t i n g  t h e  r e g r e s s i o n  r e s u l t s .  
Drawings, o f f - f a r m  i n v e s t m e n t ,  and c a p i t a l  i n v e s t m e n t  i n  b u i l d i n g s  
a l l  have p o s i t i v e  c o e f f i c i e n t s  a t t a c h e d  t o  t h e  l e v e l  o f  income v a r i a b l e ,  
and n e g a t i v e  b u t  a b s o l u t e l y  s m a l l e r  c o e f f i c i e n t s  a t t a c h e d  t o  t h e  change 
i n  income. E x p e n d i t u r e  on t h e s e  c a t e g o r i e s  is  t h e r e f o r e  i n  some measure 
s t a b i l i s e d  around t h e  t r e n d  i n  a v a i l a b l e  income. I n  c o n t r a s t ,  t h e  l a n d  
development and d e b t  c a t e g o r i e s  have n e g a t i v e  and p o s i t i v e  c o e f f i c i e n t s  
TABLE 4 
Orawings and Po r t f o l i o  Assets, Sheep and Beef Farms 
(1960-1981 ) 
Endogenous 
Pre-determined Drawings Off-Farm Inv. Land Purchase Bui ld ings Plant,  Mach, Veh. Land Oev. Debt 
MWBOW MWBINVC FMPRSEC NIBSB NIPMVSB NILSB MWBTLBC 
Constant -9875.81 5209.61 228.66 -192.09 204.46 -226.06 35593.1 
Cash Avai lab le Income 
Level  
MWBCANY 0.23 0.31 0.0097 0.00076 0.00091 -0.0017 -0.35 
(4.4) (5.9) - (5.3) (1.6) (1.4) (-1.9) (-1-4) 
Chanqe 
CMWBCAY -0.11 -0.27 0.0054 -0.00015 0.000085 0.0026 0.28 
(-2.5) (-6.3) (3.6) ( -0-4)  (0.2) (3.4) (1.4) 
Chanqe i n  Asser Returns 
Off-farm Inv.  
CR1 -12152.8 11940.7 2884.67 246.68 226.36 613.61 -115951.0 
(-0.6) (0.5) (3.7) (1.2) (0.0) (1.5) (-1-1) 
Land Purchase 
CR2 -18625.4 -19572.6 347.15 10.42 155.32 304 -51 94332.8 (-1.7) (-1.8) (0.9) (0.1) (1.1) (1.6) (1.9) 
Bui ld ings 
CRA3 
Plant,  Mach., Veh. 
CR A4 136.10 151.81 -4.89 -0.070 1.04 





CR7 -4669.89 -27003.7 -4793.46 -168.79 178.55 -773.92 23141.4 
(-0.2) (-1.4) (-7.0) (-0.9) (0.7) (-2.2) (0.3) 





Plant,  Mach., Veh. 
STPMVSB(-1) 8.07 -4.89 -0.76 0.31 -0.023 0.26 -94.31 
(1.6) . (-1.0) (-4.4) (6.9) (-0.4) (3.0) (-4.0) 
Land 
-
STKLSB( -1 ) 7.57 3.37 0.20 0.026 -0.20 0.069 7.61 
(3.6) (1.6) (2.8) (1.4) ( - 7 . 5 )  (1.8) (0.8) 
Oebt 
MWBTLB(-l) . -0.019 -0.029 -0.0098 0.00067 0.0022 -0.0013 -0.56 
(-0.7) (-1.0) (-9.7) (2.5) (6.11) (-2.6) (-4.1) 
SWR Summary S ta t i s t i c s  
SER 277.75 280.35 9.76 2.54 3.53 5.01 1317.05 
DW 2.29 1.99 2.58 2.24 2.74 2.04 2.59 
a t t a c h e d  t o  t h e  l e v e l  and change  i n  a v a i l a b l e  income v a r i a b l e s  r e s p e c -  
t i v e l y .  T h i s  is  n o t  s u r p r i s i n g  f o r  e x p e n d i t u r e  on  d e b t ,  s i n c e  t h e  n e g a t i v e  
s i g n  on t h e  l e v e l  o f  income r e f l e c t s r e d u c t i o n s  i n  d e b t .  However, f o r  l a n d  
deve lopmen t ,  it i m p l i e s  t h a t  g i v e n  a  c o n s t a n t  l e v e l  o f  income,  l a n d  d e v e l o p -  
ment e x p e n d i t u r e  i s  r e d u c e d .  A p r o p o r t i o n  o f  any  s u d d e n  i n c r e a s e s  i n  a v a i l -  
a b l e  income is d i r e c t e d  i n t o  l a n d  development  e x p e n d i t u r e .  C o n v e r s e l y ,  
sudden  r e d u c t i o n s  w i l l  r e s t r i c t  s h a r p l y  f u n d s  d i r e c t e d  i n t o  l a n d  d e v e l o p m e n t .  
Two c a t e g o r i e s  o f  e x p e n d i t u r e ,  l a n d  p u r c h a s e  and c a p i t a l  i n v e s t m e n t  
i n  p l a n t ,  mach ine ry  and t r a n s p o r t  v e h i c l e s ,  h a v e  p o s i t i v e  c o e f f i c i e n t s  
a t t a c h e d  t o  b o t h  t h e  l e v e l  and change  i n  income v a r i a b l e s .  Like  l a n d  
development  and d e b t ,  t h e s e  c a t e g o r i e s  o f  e x p e n d i t u r e  w i l l  m i r r o r  any 
i n s t a b i l i t y  i n  a v a i l a b l e  income.  However, u n l i k e  l a n d  development  and 
d e b t ,  t h e y  w i l l  i n c r e a s e  a l o n g  w i t h  t h e  g e n e r a l  t r e n d  i n  income.  
These  income e f f e c t s  w i l l  b e  m o d i f i e d  by b o t h  t h e  e f f e c t  o f  c h a n g i n g  
r e t u r n s  t o  i n v e s t m e n t  i n  p a r t i c u l a r  a s s e t s ,  and  by t h e  dynamic a d j u s t ~ e n t s  
c a u s e d  by t h e  o p e n i n g  a s s e t  l e v e l  v a r i a b l e s .  
T a b l e  4 shows t h a t  a p a r t  from t h e  r e t u r n  f o r  l a n d  deve lopmen t ,  t h e  
c o e f f i c i e n t s  a t t a c h e d  t o  own- re tu rn  v a r i a b l e s  a r e  p o s i t i v e .  P o s i t i v e  
c o e f f i c i e n t s  on t h e s e  v a r i a b l e s  f u l f i l 1  a  p r i o r i  e x p e c t a t i o n s  ( a p a r t  
from t h e  d e b t  v a r i a b l e  when a  n e g a t i v e  c o e f f i c i e n t  would b e  e x p e c t e d ) .  
The o f f - d i a g o n a l  e l e m e n t s  o f  t h e  asset r e t u r n s  m a t r i x  is n o t  symmet r i c ,  
e i t h e r  i n  c o e f f i c i e n t  s i z e  o r  s i g n .  For  example ,  a n  i n c r e a s e  i n  t h e  
r e t u r n  t o  o f f - f a r m  i n v e s t m e n t  i n c r e a s e s  l a n d  p u r c h a s e  b u t  an  i n c r e a s e  
i n  t h e  r e t u r n  t o  l a n d  p u r c h a s e  r e d u c e s  o f f - f a r m  i n v e s t m e n t .  Conver se ly  
t h e  r e t u r n s  t o  p l a n t ,  mach ine ry  and v e h i c l e  i n v e s t m e n t ,  and l a n d  deve lop -  
ment i n v e s t m e n t ,  a r e  s y m m e t r i c a l  ( w i t h  r e s p e c t  t o  s i g n )  i n  t h e i r  e f f e c t  
on t h e  a l t e r n a t i v e  a s s e t ' s  l e v e l .  
Most r e t u r n s  t e n d  t o  have  q u i t e  c o n s i s t e n t  e f f e c t s  a c r o s s  a s s e t  
c a t e g o r i e s  and  d r a w i n g s .  Off-farm i n v e s t m e n t ,  l a n d  p u r c h a s e  and b u i l d -  
i n g s  i n v e s t m e n t  r e t u r n s  t e n d  t o  a f f e c t  a l l  a s s e t s  p o s i t i v e l y ,  w h i l e  r e t u r n s  
t o  l a n d  deve lopmen t  and  d e b t  t e n d  t o  have  n e g a t i v e  e f f e c t s .  
The s i g n s  a t t a c h e d  t o  t h e  o p e n i n g  a s s e t  l e v e l  v a r i a b l e s  a r e  good 
i n d i c a t o r s  o f  t h e  c o m p l e m e n t a r i t y  o r  c o m p e t i t i v e n e s s  be tween v a r i o u s  
fo rms  o f  i n v e s t m e n t .  F o r  example ,  an  i n c r e a s e  i n  t h e  c a p i t a l  s t o c k  o f  
l a n d  i n i t i a t e s  i n c r e a s e s  i n  b u i l d i n g  i n v e s t m e n t  b u t  r e d u c e s  i n v e s t m e n t  
i n  p l a n t ,  mach ine ry ,  and v e h i c l e s .  An i n c r e a s e  i n  b u i l d i n g  c a p i t a l  s t o c k  
r e d u c e s  i n v e s t m e n t  i n  b o t h  l a n d  development  and p l a n t ,  mach ine ry  and 
v e h i c l e s .  The n e g a t i v e  s i g n s  on t h e  own-asse t  o p e n i n g  l e v e l s  are e x p e c t e d  
g i v e n  t h a t  t h e  d e p e n d e n t  v a r i a b l e  is i n  f i r s t  d i f f e r e n c e  form. I n  terms 
o f  t h e  o r i g i n a l  model s p e c i f i c a t i o n  t h e  n e g a t i v e  s i g n s  e n s u r e  a d j u s t m e n t  
o f  t h e  a c t u a l  asset l e v e l  t o w a r d  t h e  d e s i r e d  l e v e l  and  n o t  away from i t .  
Because  o f  t h i s ,  t h e  p o s i t i v e  s i g n  on t h e  l a g g e d  l a n d  c a p i t a l  s t o c k  i n  
t h e  l a n d  development  e q u a t i o n  was unexpec ted .  
The dynamics  o f  t h e  o v e r a l l  model p r e s e n t e d  i n  T a b l e  4 are e x t r e m e l y  
complex ,  s o  t h a t  w h i l e  i n i t i a l  e v a l u a t i o n  o f  t h e  c o e f f i c i e n t s  i n d i c a t e s  
t h e  g e n e r a l  d i r e c t i o n  o f  l i k e l y  r e s p o n s e s  t o  c h a n g e s  i n  p a r t i c l u r  v a r i a b l e s ,  
t h e  dynamic i n t e r a c t i o n  be tween e q u a t i o n s  e n s u r e s  t h a t  l o n g - r u n  r e s p o n s e s  
may n o t  b e  o f  a s i m i l a r  m a g n i t u d e  o r  d i r e c t i o n  a s  t h e  s h o r t - r u n  r e s p o n s e s .  
F o r  example ,  w h i l e  l a n d  deve lopmen t  i n v e s t m e n t  is d i r e c t l y  r e d u c e d  by a  
s t a b l e  l e v e l  o f  a v a i l a b l e  income,  and p l a n t ,  mach ine ry  and  v e h i c l e  inv ,es t -  
ment i n c r e a s e d ,  h i g h e r  c a p i t a l  s t o c k s  o f  p l a n t ,  m a c h i n e r y  and v e h i c l e s  t h e n  
i n i t i a t e  a n  i n c r e a s e  i n  l a n d  deve lopmen t  e x p e n d i t u r e .  Given  t h i s  s o r t  o f  
i n t e r a c t i o n  dynamic s i m u l a t i o n s  u s i n g  t h e  c o m p l e t e  e s t i m a t e d  model s t r u c t u r e  
h a v e  been  u n d e r t a k e n ,  and  a r e  r e p o r t e d  i n  C h a p t e r s  5 and 6 o f  t h i s  r e p o r t .  
( c )  D a i r y  Farm Model 
Gross  Income Components T a b l e  5 r e p o r t s  on t h e  two e q u a t i o n s  which 
g e n e r a t e  g r o s s  income p e r  d a i r y  fa rm.  The e q u a t i o n  f o r  m i l k f a t ,  t h e  ma jo r  
income s o u r c e ,  h i g h l i g h t s  t h e  i m p o r t a n c e  o f  b a s i c  and  end  o f  s e a s o n  s u r p l u s  
payments  by i n c l u d i n g  c u r r e n t  and  l a g g e d  v a l u e s  o f  b o t h  t h e  m i l k f a t  p r i c e  
and  volume o f  p r o d u c t i o n .  ' O t h e r t  income,  p r i m a r i l y  g e n e r a t e d  by t h e  s a l e  
o f  c u l l  cows and h e i f e r s ,  is l a r g e l y  e x p l a i n e d  by t h e  m a n u f a c t u r i n g  b e e f  
p r i c e .  
E x p e n d i t u r e  The e x p e n d i t u r e  p e r  d a i r y  farm e q u a t i o n s  summarised 
by T a b l e  6 show t h e  l e v e l  o f  income t o  b e  more i m p o r t a n t  t h a n  t h e  change  
i n  income i n  e x p l a i n i n g  e x p e n d i t u r e  l e v e l s .  F e r t i l i s e r  and  ' o t h e r '  
e x p e n d i t u r e  t e n d  t o  b e  s t a b i l i s e d  d u r i n g  p e r i o d s  o f  income i n s t a b i l i t y  
( a s  e v i d e n c e d  by t h e  n e g a t i v e  s i g n  on t h e  change  i n  income v a r i a b l e ' s  
c o e f f i c i e n t ) ,  w h i l e  r e p a i r s  and  m a i n t e n a n c e  f o l l o w s  g r o s s  income i n s t a b i l i t y  
more c l o s e l y .  
TABLE 5 
Gross Income Components per Da i ry  Farm 
(1965-1981) 
Endogenous 
M i l k f a t  Other 
DBGYMLK DBGYO 
Constant -22436.70 547.49 
U n i t  Value o f  Product ion (-2.5) (0.5) 
M i l k f a t  
PDR 
Volume o f  Product ion 
M i l k f a t  
QMLKF 
QMLKF ( -1 ) 
TIME 
OLS Summary S t a t i s t i c s :  
0.90 0.65 
8 0.85 0.60 
F 
D.W. 
O t h e r  e x p e n d i t u r e  i s  a l s o  v e r y  d e p e n d e n t  o n  t h e  t r e n d  and  s t a b i l i t y  
o f  t o t a l  s t o c k  u n i t s ,  and  by c a p i t a l  i n t e n s i t y  ( t o t a l  c a p i t a l  s t o c k  d i v i d e d  
by t o t a l  s t o c k  u n i t s ) .  R e p a i r s  and  m a i n t e n a n c e  e x p e n d i t u r e  is p o s i t i v e l y  
i n f l u e n c e d  by t h e  c a p i t a l  i n t e n s i t y  o f  b u i l d i n g s  c a p i t a l ,  b u t  n e g a t i v e l y  
by l a n d  c a p i t a l  i n t e n s i t y .  C a p i t a l  i n v e s t m e n t  i n  m i l k i n g  s h e d s  o b v i o u s l y  
i n v o l v e s  a  g r e a t e r  commitment t o  f u t u r e  w o r k i n g  e x p e n d i t u r e  t h a n  f e n c i n g  
o r  p a s t u r e  improvement .  
D e p r e c i a t i o n  e x p e n d i t u r e  is found  t o  b e  a s i m p l e  f u n c t i o n  o f  t h e  
o p e n i n g  c a p i t a l  s t o c k ,  c u r r e n t  g r o s s  i n v e s t m e n t ,  and t a x a t i o n  a l l o w a n c e s .  
The i n c l u s i o n  o f  a  t i m e  t r e n d  was found  t o  improve  t h e  q v e r a l l  s i g n i f i c a n c e  
o f  t h e  e q u a t i o n  and  o f  i n d i v i d u a l  c o e f f i c i e n t s ,  and  p r o b a b l y  e x p l a i n s  
t h e  e f f e c t  o f  c h a n g i n g  a v e r a g e  fa rm and  h e r d  s i z e s .  (A l though  a  p o s i t i v e  
s i g n  would  b e  e x p e c t e d  g i v e n  t h e  t r e n d  t o w a r d s  l a r g e r  f a r m s  and  h e r d  
s i z e s .  ) 
P o r t f o l i o  Assets Because  o f  a  s h o r t e r  time s e r i e s  a v a i l a b l e  f o r ,  
t h e  e s t i m a t i o n  o f  t h e  d a i r y  farm p o r t f o l i o  mode l ,  T a b l e  7 r e v e a l s  a s l i g h t l y  
s p a r s e  c o e f f i c i e n t  m a t r i x ,  e s p e c i a l l y  compared  t o  t h e  f u l l  m a t r i x  e v i d e n t  
i n  T a b l e  4. The g a i n s  o f  SUR e s t i m a t i o n  compared  t o  OLS a r e  a g a i n  e v i d e n t  
by t h e  c o m p a r i s o n  o f  SER's  i n  Appendix IV. The d e c l i n e  i n  c o m p a r a t i v e  
SER's  is o n  a v e r a g e  less  t h a n  t h o s e  g a i n e d  i n  t h e  s h e e p  and b e e f  mode l ,  
b u t  s t i l l  r a n g e  up t o  30 p e r  c e n t .  The v a l u e s  o f  t - s t a t i s t i c s  i n  t h e  
d a i r y  p o r t f o l i o  a r e  q u i t e  h i g h ,  o v e r  8 0  p e r  c e n t  s i g n i f i c a n t  a t  t h e  1 p e r  
c e n t  l e v e l .  
The t h r e e  n e t  c a p i t a l  i n v e s t m e n t  e q u a t i o n s ,  and t h e  d e b t  e q u a t i o n ,  
h a v e  b o t h  t h e  l e v e l  and c h a n g e  i n  a v a i l a b l e  n e t  income i n c l u d e d  i n  t h e  
e s t i m a t e d  e q u a t i o n .  I n  e a c h  e q u a t i o n ,  t h e  l e v e l  o f  n e t  income h a s  a  
p o s i t i v e  c o e f f i c i e n t ,  w h i l e  t h e  c o e f f i c i e n t  on t h e  c h a n g e  i n  income i s  
n e g a t i v e .  Thus ,  d a i r y  f a r m e r s  c o n s i s t e n t l y  s e e k  t o  r e d u c e  t h e  l e v e l  o f  
i n s t a b i l i t y  i n  a v a i l a b l e  n e t  income t r a n s m i t t e d  i n t o  t h e i r  c a p i t a l  expen-  
d i t u r e  p a t t e r n s .  I n  f a c t ,  t h e  r e l a t i v e  s i z e s  o f  t h e  c o e f f i c i e n t s  a t t a c h e d  
t o  t h e  l e v e l  and  c h a n g e  i n  income v a r i a b l e s  i n  t h e  b u i l d i n g s  and  l a n d  
d e v e l o p m e n t  i n v e s t m e n t  e q u a t i o n s ,  show t h a t  e x p e n d i t u r e  c h a n g e s  w i l l  b e  
i n  t h e  o p p o s i t e  d i r e c t i o n  t o  income i n s t a b i l i t y .  T h i s  o c c u r s  b e c a u s e  t h e  
a b s o l u t e  s i z e  o f  t h e  c h a n g e  i n  income v a r i a b l e  is  l a r g e r  t h a n  t h e  income 
l e v e l ' s  c o e f f i c i e n t .  
TABLE 6 
Cash Expenditure and Depreciation per Dairy Farm 
(1965-1981 ) 
Endogenous 
and Other ~epreciation Fer tiliser Maintenance













Total Capital Stock 
STKDY ( -1 ) 
Total Gross Investment per S.U. 
GIhOOY 








P o r t f o l i o  Assets, Dai rv  Farms 
( 1965-1981 ) 
Endogenous 
Pre-determined Off-farm Inv.  Land Purchase Bui ld ings Plant ,  Mach., Veh. Land Oev. Debt 
OBINVSC DFMPRSEC NIBDY NIPMVOY NILDY OBTLBC 
Constant -4599.76 7353.66 13.28 33.13 198.35 803 :23 










Bui ld ings 
CDRA3 -0.52 0.0028 
(-3.8) (3.1) 
Plant, Mach., Veh. 
CDR A4 -1.51 0.97 -0.033 0.0082 
-0.021 -3.85 
(-3.1) (8.4) ( - ~ . 8 )  (2.8) ( -5 .7)  ' (-5.6) 
Land Dev. 
CDRA6 0.61 -0.37 0.011 0.0049 
(3-6)  (-9.3) (7.3) (4.2) 
Debt 
CDR7 -53832 -5  
(-5.6) 





Plant,  Mach., Veh. 
STPMVDY(-1) 
Debt 
OBTL3 (-1 ) 
(-5.6) 
SUR Summary S t a t i s t i c s :  
SER 
D.W. 
The d i a g o n a l  e l e m e n t s  i n  t h e  m a t r i x  o f  a s s e t  r e t u r n  c o e f f i c i e n t s  
a l l  have  t h e i r  e x p e c t e d  p o s i t i v e  s i g n s  ( n e g a t i v e  f o r  d e b t ) .  Because  o f  
t h e  s p a r s e  n a t u r e  o f  t h e  a s s e t  r e t u r n s  c o e f f i c i e n t  m a t r i x ,  o n l y  a  few . 
o f f - d i a g o n a l  s y m m e t r i c a l  r e s p o n s e s  c a n  b e  e v a l u a t e d .  Symmet r i ca l  ( i n  
terms o f  s i g n )  r e s p o n s e s  a r e  e v i d e n t  be tween a s s e t  r e t u r n s  f o r  o f f - f a r m  
i n v e s t m e n t  and  c a p i t a l  i n v e s t m e n t  i n  p l a n t ,  mach ine ry  and v e h i c l e s ,  l a n d  
p u r c h a s e  and d e b t ,  l a n d  development  and  o f f - f a r m  i n v e s t m e n t  and l a n d  
development  and c a p i t a l  i n v e s t m e n t  i n  b u i l d i n g s .  The f i r s t  two p a i r s  o f  
s y m m e t r i c a l  a s s e t  r e t u r n s  have  n e g a t i v e  c o e f f i c i e n t s ,  t h e  l a t t e r  two 
p o s i t i v e ,  i n d i c a t i n g  c o m p e t i t i v e  and complementary  r e l a t i o n s h i p s  r e s p e c t i v e l y .  
The s i g n s  a t t a c h e d  t o  t h e  o p e n i n g  asset  l e v e l s  a l s o  i n d i c a t e  t h e  
n a t u r e  of  r e l a t i o n s h i p s  be tween a s s e t  p a i r s .  Where s i g n i f i c a n t ,  t h e  
c a p i t a l  s t o c k  o f  p l a n t ,  machinery  and v e h i c l e s  h a s  a  n e g a t i v e  c o e f f i c i e n t ,  
i n d i c a t i n g  t h a t  i n c r e a s i n g  t h i s  a s s e t  is done  a t  t h e  e x p e n s e  o f  downward 
a d j u s t m e n t s  i n  o t h e r  a s s e t s .  Conver se ly  i n c r e a s e s  i n  t h e  c a p i t a l  s t o c k  
o f  b u i l d i n g s  i n i t i a t e s  s u b s e q u e n t  i n c r e a s e s  i n  b o t h  t h e  c a p i t a l  s t o c k  g f  
deve loped  l a n d ,  and  p l a n t ,  machinery  and v e h i c l e s .  I n  t h e  l i g h t  o f  t h i s ,  
i t  is n o t  s u r p r i s i n g  t h a t  i t  a l s o  p r o d u c e s  a n  i n c r e a s e  i n  t o t a l  d e b t  
i n c u r r e d .  
A s  w i t h  t h e  s h e e p  and b e e f  p o r t f o l i o  model ,  t h e  long- run  dynamic 
b e h a v i o u r  of  t h e  e s t i m a t e d  e q u a t i o n s  a r e  r e p o r t e d  i n  C h a p t e r s  5 and 6 o f  
t h i s  r e p o r t ,  when h i s t o r i c a l  s i m u l a t i o n  r e s u l t s  and s i m u l a t i o n  d e r i v e d  
e l a s t i c i t i e s  are d i s c u s s e d .  

CHAPTER 3  
LIVESTOCK NUMBERS A N D  P R O D U C T I O N  MODEL 
3 . 1  I N T R O D U C T I O N  
I n  Chapter  2 i t  was r e c o g n i s e d  t h a t  l i v e s t o c k  were  a  c a p i t a l  a s s e t  
a l o n g  w i t h  o t h e r  a s s e t s  such  a s  l a n d ,  b u i l d i n g s ,  p l a n t  and machinery.  
I f  a f a r m e r ' s  o b j e c t i v e  is s e e n  a s  maximising n e t  wor th  from a v a i l a b l e  
r e s o u r c e s ,  t h e n  l i v e s t o c k  become o n l y  one of many c a p i t a l  goods h e l d  t o  
a c h i e v e  t h i s  o b j e c t i v e .  However, i n  Chapter  2  it  was r e c o g n i s e d  t h a t  l i v e s t o c k  
a r e  s u f f i c i e n t l y  d i f f e r e n t  from o t h e r  forms o f  a s s e t s  t o  w a r r a n t  t h e  deve lop-  
ment o f  a  l i v e s t o c k  model s e p a r a t e  from t h e  p o r t f o l i o  a s s e t  model. Most 
o b v i o u s l y ,  l i v e s t o c k  c a p i t a l  a r e  an imate ,  and t h e r e f o r e  s u b j e c t  t o  l i v e s t o c k  
demographic,  and e n v i r o n m e n t a l  i n f l u e n c e s .  Thus, i f  a  c a p i t a l - t h e o r y  based  
model o f  t h e  l i v e s t o c k  s e c t o r  is  t o  be deve loped ,  t h e n  t h e  model should ,  
b e  d i s - a g g r e g a t e d  by a g e ,  s e x  and b r e e d i n g  a b i l i t y ,  r e f l e c t i n g  d i f f e r e n t  
economic f u n c t i o n s  w i t h i n  t h e  f l o c k  o r  h e r d .  Each c a t e g o r y  w i l l  be  a f f e c t e d  
i n  d i f f e r e n t  ways and t o  v a r y i n g  d e g r e e s  by economic and env i ronmenta l  f o r c e s .  
I n  a d d i t i o n ,  each i n d i v i d u a l  demographic c a t e g o r y ' s  a b i l i t y  t o  respond t o  
economic s t i m u l i  i s  i n f l u e n c e d  by c u r r e n t  and p a s t  r e s p o n s e s  i n  o t h e r  demo- 
g r a p h i c  c a t e g o r i e s .  T h i s  i n t e r a c t i o n  between components o f  t h e  l i v e s t o c k  
c a p i t a l  p o r t f o l i o  is  l i k e l y  t o  f a r  outweigh t h e  e f f e c t s  o f  i n t e r a c t i o n  between 
l i v e s t o c k  and t h e  o t h e r  c a p i t a l  a s s e t s  i n  t h e  t o t a l  farm p o r t f o l i o .  
The s p e c i f i c a t i o n  o f  t h e  l i v e s t o c k  numbers and p r o d u c t i o n  model w i l l  
f o l l o w  t h a t  deve loped  i n  t h e  Vers ion Two model q u i t e  c l o s e l y  ( s e e  La ing ,  
1982 ;  pp. 37-86). S e c t i o n  3 .2  now d i s c u s s e s  t h e  s p e c i f i c a t i o n  b e f o r e  t h e  
r e g r e s s i o n  r e s u l t s  a r e  r e p o r t e d  i n  S e c t i o n  3 . 3  
3 .2  MODEL SPECIFICATION 
3.2 .1  L i v e s t o c k  Numbers 
The Vers ion Two model e s t i m a t i n g  form d e r i v e d  d e s c r i b e d  t h e  change 
i n  l i v e s t o c k  numbers a s  a  f u n c t i o n  o f  economic, demographic ,  inves tment  
and env i ronmenta l  v a r i a b l e s .  The economic v a r i a b l e s  r e f l e c t e d  t h e  l e v e l  
and s t a b i l i t y  o f  each  an imal  e n t e r p r i s e ' s  p r o f i t a b i l i t y ,  w h i l e  l i v e s t o c k  
demographic  v a r i a b l e s  r e f l e c t e d  b i o l o g i c a l  c o n s t r a i n t s  on t h e  e a s e  w i t h  
which s t o c k  numbers c o u l d  be  a d j u s t e d  up o r  down. Changes i n  o v e r a l l  c a r r y i n g  
c a p a c i t y  were measured by c a p i t a l  i n v e s t m e n t  v a r i a b l e s ,  and env i ronmenta l  
v a r i a b l e s  accounted f o r  t h e  r a t e  o f  p a s t u r e  growth and t h e r e f o r e  feed  s u p p l y .  
The n i n e  l i v e s t o c k  c a t e g o r i e s  used i n  t h e  Vers ion Two model ( b r e e d i n g  ewes, 
ewe h o g g e t s ,  o t h e r  s h e e p ,  bee f  b r e e d i n g  cows, b e e f  h e i f e r s  under  one y e a r  
o l d ,  o t h e r  beef c a t t l e ,  d a i r y  cows and h e i f e r s  o v e r  o n e  y e a r  o l d ,  and d a i r y  
h e i f e r s  under one y e a r  o l d )  have been r e t a i n e d .  A m o d i f i e d  p a r t i a l  a d j u s t m e n t  
mechanism was u t i l i s e d  t o  a c c o u n t  f o r  t h e  r a t e  a t  which s t o c k  numbers were 
a d j u s t e d  t o  t h e i r  d e s i r e d  l e v e l .  Imper fec t  a d j u s t m e n t  was t h o u g h t  t o  occur  
b e c a u s e  o f  t h e  u n a v a i l a b i l i t y  o f  s u i t a b l e  r ep lacement  s t o c k  when i n c r e a s e s  
i n  d e s i r e d  s t o c k  numbers o c c u r r e d .  Also ,  limits on t o t a l  c a r r y i n g  c a p a c i t y  
a s  r e p r e s e n t e d  by changes  i n  t h e  l e v e l  o f  l a n d  c a p i t a l ,  and s h o r t  term f e e d  
s u p p l y  f l u c t u a t i o n s  a s  r e p r e s e n t e d  by t h e  change i n  a n n u a l  d a y s  of s o i l  
m o i s t u r e  d e f i c i t ,  h i n d e r  t h e  achievement  of d e s i r e d  s t o c k  number a d j u s t m e n t s  
g e n e r a t e d  by economic c o n s i d e r a t i o n s .  . 
A n a l y t i c a l l y ,  a  g e n e r a l  model f o r m u l a t i o n  f o r  e a c h  l i v e s t o c k  c a t e g o r y  
c a n  b e  d e r i v e d .  Le t  
KLt = l i v e s t o c k  numbers f o r  a  p a r t i c u l a r  c a t e g o r y  i n  p e r i o d  t ,  
KL; = d e s i r e d  s t o c k  numbers f o r  t h e  l i v e s t o c k  c a t e g o r y  i n  p e r i o d  t ,  
and Bt  = t h e  p r o p o r t i o n  by which t h e  d e s i r e d  change  i n  l i v e s t o c k  
numbers i n  any p e r i o d  t i,s a c t u a l l y  a c h i e v e d .  
The p a r t i a l  a d j u s t m e n t  mechanism can t h e n  be d e s c r i b e d  by e q u a t i o n  ( 1 )  
below. 
The a c t u a l  change i n  l i v e s t o c k  numbers i s  some p r o p o r t i o n  ( B  ) of  t h e  d e s i r e d  t 
change.  
Both KL* and B a r e  n o t  o b s e r v a b l e  and must t h e r e f o r e  be  s u b s t i t u t e d  t t 
by o b s e r v a b l e  d a t a  t o  d e r i v e  an  e s t i m a b l e  e q u a t i o n .  KL* is  assumed t o  be  t 
a  f u n c t i o n  o f  t h e  e n t e r p r i s e ' s  e x p e c t e d  p r o f i t a b i l i t y  r e l a t i v e  t o  t h e  e x p e c t e d  
p r o f i t a b i l i t y  o f  c o m p e t i t i v e  e n t e r p r i s e s  (PR;), t h e  v a l u e  o f  t h e  animal  
i f  i t  was immediate ly  s l a u g h t e r e d  ( P S t ) ,  and t h e  o p e n i n g  l e v e l  o f  t h e  l i v e s t o c k  
c a t e g o r y  which f l o w s  i n t o  t h e  c a t e g o r y ,  o r  p roduces  r e p l a c e m e n t s  f o r  t h e  
c a t e g o r y  (LREPt-l). That  i s ,  
K L Z  = f l  (PR:, PSt, LREPt-l) ( 2 )  
A s  w i t h  t h e  Vers ion Two model,  e n t e r p r i s e  p r o f i t a b i l i t y  and an imal  s a l v a g e  
v a l u e s  a r e  measured s imply  a s  farm-gate  p r i c e s  f o r  t h e  outputs produced by 
t h e  l i v e s t o c k  c a t e g o r y .  E x p e c t a t i o n s  a r e  assumed t o  be  n a i v e ,  i n  t h a t  e x p e c t e d  
p r o f i t a b i l i t y  i s  assumed t o  be  r e f l e c t e d  by c u r r e n t  o r  one l a g g e d  farm-gate 
r e t u r n s .  
The l i v e s t o c k  demographic v a r i a b l e  i n  e q u a t i o n  ( 2 )  was n o t  i n c l u d e d  
i n  t h e  c o r r e s p o n d i n g  e q u a t i o n  i n  t h e  Vers ion Two model,  b u t  was i n c l u d e d  
v i a  t h e  e q u a t i o n  d e s c r i b i n g  t h e  a d j u s t m e n t  c o e f f i c i e n t .  Also ,  t h e  Vers ion 
Two s p e c i f i c a t i o n  f o r  t h e  d e s i r e d  l e v e l  o f  s t o c k  numbers i n c l u d e d  a  v a r i a b l e  
r e p r e s e n t i n g  g r o s s  c a p i t a l  i n v e s t m e n t .  The e q u a t i o n  d e s c r i b i n g  t h e  a d j u s t m e n t  
c o e f f i c i e n t  ( s e e  equa t ion(3) '1e low)  s t i l l  i n c l u d e s  a  demographic v a r i a b l e  
b u t  now a l s o  h a s  n e t  c a p i t a l  i n v e s t m e n t  a s  an  argument.  These v a r i a b l e s  
a r e  d i s c u s s e d  below, b u t  t h e  r e a s o n  f o r  t h e  i n c l u s i o n  o f  t h e  demographic 
v a r i a b l e  i n  e q u a t i o n  ( 2 )  i s  s imply  t o  a c c o u n t  f o r  t h e  a n n u a l  f l o w s  betNeen 
demographic c a t e g o r i e s .  I n f o r m a t i o n  r e g a r d i n g  t h e  l e v e l  o f  p o t e n t i a l  r e p l a c e -  
ments  f o r  any p a r t i c u l a r  c a t e g o r y  i s  known a t  t h e  s t a r t  o f  t h e  s e a s o n ,  and 
s o  c o n t r i b u t e s  t o  t h e  d e c i s i o n  d e t e r m i n i n g  d e s i r e d  s t o c k  numbers f o r  t h e  
c u r r e n t  s e a s o n .  
The a d j u s t m e n t  c o e f f i c i e n t  (B  ) i s  assumed t o  be a  f u n c t i o n  o f  t h e  t 
p r e v i o u s  y e a r ' s  change i n  LREP ( i . e .  LREPt-l - LREPt-2 = DLREPt - t h e  
p r e v i o u s  y e a r ' s  change i n  t h e  c a p i t a l  s t o c k  o f  l a n d  (NILt-l) ,  and t h e  c u r r e n t  
change i n  t h e  annua l  number o f  days  o f  s o i l  m o i s t u r e  d e f i c i t  (OMt). That  
i s ,  
The use  o f  f i r s t  d i f f e r e n c e  v a r i a b l e s  i n  e q u a t i o n  ( 3 )  s e e k s  t o  c a p t u r e  t h e  
f a c t  t h a t  ad jus tment  o f  l i v e s t o c k  t o  t h e i r  d e s i r e d  l e v e l  is n o t  p e r f e c t  
b e c a u s e  v a r i a b l e s  t h a t  f a c i l i t a t e  t h i s  a d j u s t m e n t  a r e  n o t  a t  a p p r o p r i a t e  
s t a b l e  l e v e l s  which would a l l o w  p e r f e c t  a d j u s t m e n t .  The n e t  i n v e s t m e n t  
v a r i a b l e  r e f l e c t s  changes  i n  t o t a l  c a r r y i n g  c a p a c i t y ,  w h i l e  t h e  change i n  
s t o c k  numbers v a r i a b l e  a c c o u n t s  f o r  t h e  changing a v a i l a b i l i t y o f  s u i t a b l e  
r e p l a c e m e n t s ,  and b r e e d i n g  a n i m a l s  p roduc ing  f u r t h e r  r e p l a c e m e n t s .  
I f  e q u a t i o n  ( 2 )  is a  l i n e a r  f u n c t i o n  i t  can  be w r i t t e n  a s :  
KL* = + alPRt + a  PS + a3LREPt-l t a. 2  t ( 4 )  
Assuming e q u a t i o n  ( 3 )  is a l s o  l i n e a r  i n  t h e  p a r a m e t e r s ,  b u t  t h a t  t h e  pre- 
d e t e r m i n e d  v a r i a b l e s  a r e  i n  r a t i o  form w i t h  t h e  d e s i r e d  change i n  l i v e s t o c k  . 
numbers,  t h e n  
E q u a t i o n s  ( 4 )  and ( 5 )  c a n  t h e n  be  s u b s t i t u t e d  i n t o  e q u a t i o n  ( 1 )  t o  
p roduce  t h e  e s t i m a t i n g  form w r i t t e n  below. 
where  DKLt = KLt  - KLt- l ,  
CO = a b  
0 0 ,  
Cl = a1b0, 
C2 = a2b0, 
C3 = a3b0, 
and C4 = -b 0  
3.2.2 L i v e s t o c k  P r o d u c t i o n  
S i x  p r o d u c t i o n  c a t e g o r i e s  a r e  u t i l i s e d  f o r  t h e  p r o d u c t i o n  model:  wool, 
m u t t o n ,  lamb, prime b e e f ,  m a n u f a c t u r i n g  b e e f ,  and m i l k f a t .  T o t a l  p r o d u c t i o n  
is de te rmined  s imply by t h e  number o f  a n i m a l s  s l a u g h t e r e d  ( o r  m i l k e d  o r  
s h o r n ) ,  t i m e s  t h e  c a r c a s e  we igh t  ( o r  y i e l d  o r  woolweight) .  The b e h a v i o u r a l  
e q u a t i o n s  f o r  t h e  change i n  l i v e s t o c k  numbers s p e c i f i e d  i n  S e c t i o n  3 .2 .1  
p r o v i d e  t h e  l i v e s t o c k  demographic v a r i a b l e s  t h a t  l i n k  r e c u r s i v e l y  w i t h  t h e  
p r o d u c t i o n  e q u a t i o n s .  Depending on t h e  t y p e  o f  o u t p u t  b e i n g  m o d e l l e d ,  t h e  
l i v e s t o c k  demographic v a r i a b l e s  would be  i n  t h e  form e i t h e r  o f  t h e  opening 
number of  a n i m a l s  (KL ) o r  o f  t h e  c h a n g e  i n  l i v e s t o c k  numbers (DKL ) .  For  t t 
example ,  wool ,  lamb and m i l k f a t  p r o d u c t i o n  would be  d e t e r m i n e d  by t h e  o p e n i n g  
number o f  s h e e p ,  b r e e d i n g  ewes, and m i l k i n g  cows r e s p e c t i v e l y .  On t h e  o t h e r  
h a n d ,  mu t ton  and b e e f  p r o d u c t i o n  would be  b e t t e r  e x p l a i n e d  by t h e  change  
i n  t h e  numbers o f  a d u l t  s h e e p  and  cows,  s i n c e  t h i s  would r e f l e c t  t h e  number 
s l a u g h t e r e d .  Of c o u r s e ,  t h e  c h a n g e  i n  s t o c k  numbers is  n o t  e q u i v a l e n t  t o  
t h e  number o f  a n i m a l s  s l a u g h t e r e d ,  s i n c e  o t h e r  a n i m a l s  e n t e r  t h e  s h e e p  f l o c k s  
o r  c a t t l e  h e r d s  o v e r  t h e  same p e r i o d .  What t h e  change  i n  a n i m a l  numbers 
d o e s  r e p r e s e n t  is whe the r  numbers are  b e i n g  b u i l t  up ,  o r  a l t e r n a t i v e l y  w h e t h e r  
t h e  f l o c k s  o r  h e r d s  a r e  i n  a  l i q u i d a t i o n  p h a s e .  A s  s u c h ,  t h e  change  i n  
l i v e s t o c k  numbers r e f l e c t s  t h e  t r a n s i t o r y  p a r t  o f  meat p r o d u c t i o n .  The 
pe rmanen t  p a r t  o f  p r o d u c t i o n  is d e t e r m i n e d  by u s u a l  c u l l i n g  o r  f a t t e n i n g  
p o l i c i e s .  T h e r e f o r e ,  t h e  o p e n i n g  numbers o f  t h e  a p p r o p r i a t e  c a t e g o r y  o f  
l i v e s t o c k  s h o u l d  a l s o  be i n c l u d e d  as a l i v e s t o c k  demograph ic  v a r i a b l e .  
A d d i t i o n a l  v a r i a b l e s  i n  t h e  s u p p l y  f u n c t i o n s  are i n c l u d e d  t o  a c c o u n t  
f o r  c h a n g i n g  p e r  head  p r o d u c t i o n  o f  a n i m a l s .  Again ,  v a r i a b l e s  r e f l e c t i h g  
t h e  r e l a t i v e  p r o f i t a b i l i t y  o f  a l t e r n a t i v e  e n t e r p r i s e s  (PRt)  a r e  i n c l u d e d  
i n  t h e  s p e c i f i c a t i o n .  I n  t h e  p r o d u c t i o n  e q u a t i o n s  t h e s e  v a r i a b l e s  i n f l u e n c e  
t h e  a l l o c a t i o n  o f  t h e  c u r r e n t  r e s o u r c e s  among t h e  v a r i o u s  e n t e r p r i s e s ,  r a t h e r  
t h a n  t h e  number o f  a n i m a l s  making up e a c h  e n t e r p r i s e .  The o p e n i n g  c a p i t a l  
s t o c k  o f  l a n d  p e r  s t o c k  u n i t  (SLHDt - i s  a l s o  i n c l u d e d  i n  t h e  s p e c i f i c a t i o n  
t o  a c c o u n t  f o r  t h e  e f f e c t  o f  c a p i t a l  i n t e n s i t y  on p e r  head  p r o d u c t i o n .  
F o r  m i l k f a t  p r o d u c t i o n  t h e  c a p i t a l  s t o c k  o f  b u i l d i n , g s ,  p l a n t  and  mach ine ry  
p e r  d a i r y  s t o c k  u n i t  was a l s o  i n c l u d e d  i n  t h e  s p e c i f i c a t i o n .  
A m a j o r  d e t e r m i n a n t  o f  pe r -head  p r o d u c t i o n  is p a s t u r e  g r o w t h ,  a f f e c t i n g  
carcase w e i g h t s ,  woo lwe igh t s  a n d  s e a s o n a l  m i l k f a t  p r o d u c t i o n  p e r  cow. S i n c e  
p a s t u r e  g rowth  is t y p i c a l l y  l i m i t e d  by a n  a b s e n c e  o f  m o i s t u r e ,  t h e  a n n u a l  
d a y s  o f  s o i l  m o i s t u r e  d e f i c i t  v a r i a b l e  (W) is  i n c l u d e d  i n  t h e  p r o d u c t i o n  
s p e c i f i c a t i o n .  
Thus ,  assuming a  l i n e a r  p r o d u c t i o n  f u n c t i o n ,  e q u a t i o n  ( 7 )  below summar i se s  
a  g e n e r a l  s p e c i f i c a t i o n  on which t o  b a s e  i n d i v i d u a l  p r o d u c t i o n  e q u a t i o n s .  
Qt = do + d  KL 1 t-l 
3.3  ESTIMATION RESULTS 
3 .3 .1  I n t r o d u c t i o n  
I n  r e p o r t i n g  t h e  p o r t f o l i o  a s s e t  e q u a t i o n s  o f  Chap te r  2  t h e  m e r i t s  
o f  t h e  seeming ly  u n r e l a t e d  r e g r e s s i o n  (SUR) t e c h n i q u e  were d i s c u s s e d .  The 
t e c h n i q u e  is  a p p r o p r i a t e  when t h e  d i s t u r b a n c e  term i n  i n d i v i d u a l  e q u a t i o n s  
i s  t h o u g h t  t o  be  c o r r e l a t e d  w i t h  d i s t u r b a n c e  t e r m s  i n  o t h e r  e q u a t i o n s .  
For  t h e  p o r t f o l i o  a s s e t  e q u a t i o n s ,  t h e  e x i s t e n c e  o f  an  i m p l i c i t  c a s h  f low 
c o n s t r a i n t  a c r o s s  e q u a t i o n s  was c o n s i d e r e d  a  s t r o n g  i n d i c a t i o n  t h a t  d i s t u r b a n c e  
t e r m s  were  c o r r e l a t e d  a c r o s s  e q u a t i o n s .  I n  a  s i m i l a r  way, t h e  e q u a t i o n  
s p e c i f i c a t i o n  f o r  l i v e s t o c k  numbers d i s c u s s e d  t h e  demographic,  c a p i t a l  s t o c k ,  
and e n v i r o n m e n t a l  c o n s t r a i n t s  a f f e c t i n g  changes  i n  l i v e s t o c k  numbers i n  
any p a r t i c u l a r  y e a r .  P r e v i o u s  changes  i n  l i v e s t o c k  number c a t e g o r i e s  de te rmined  
t h e  p o t e n t i a l  f o r  a l t e r a t i o n s  i n  t h e  c u r r e n t  l e v e l  o f  numbers. The change 
i n  c a p i t a l  s t o c k  and annua l  days  o f  s o i l  m o i s t u r e  d e f i c i t  had s i m i l a r  e f f e c t s ,  
o p e r a t i n g  on t h e  o v e r a l l  c a r r y i n g  c a p a c i t y  o f  farmland.  Given t h e s e  cohmon 
i n f l u e n c e s  i t  would be  expec ted  t h a t  e r r o r  t e r m s  a c r o s s  e q u a t i o n s  c o u l d  
be  c o r r e l a t e d .  S i n c e  t h e  s e t  o f  p re -de te rmined  v a r i a b l e s  making up i n d i v i d u a l  
e q u a t i o n s  a r e  s i m i l a r ,  y e a r s  o f  p a r t i c u l a r l y  h i g h  o r  low e x p l a n a t o r y  power 
by t h e  s p e c i f i c a t i o n  a r e  l i k e l y  t o  a l s o  b e  common between e q u a t i o n s .  T h e r e f o r e ,  
i t  seems r e a s o n a b l e  t o  e s t i m a t e  t h e  l i v e s t o c k  number e q u a t i o n s  u s i n g  t h e  
SUR t e c h n i q u e .  S i n c e  t h e  g r e a t e s t  c o r r e l a t i o n s  would be  e x p e c t e d  w i t h i n  
p a r t i c u l a r  f l o c k  o r  he rd  c a t e g o r i e s ,  s e p a r a t e  r e g r e s s i o n s  were u n d e r t a k e n  
f o r  t h e  s h e e p  f l o c k ,  t h e  beef  c a t t l e  h e r d ,  and t h e  d a i r y  c a t t l e  h e r d .  
O r d i n a r y  l e a s t  s q u a r e s  (OLS) was u t i l i s e d  t o  e s t i m a t e  t h e  t o t a l  p r o d u c t i o n  
e q u a t i o n s .  
3 .3 .2  L i v e s t o c k  Numbers 
T a b l e s  8 t o  1 0  r e p o r t  t h e  SUR r e s u l t s  f o r  l i v e s t o c k  numbers6 .  A 1  l 
endogenous v a r i a b l e s  a r e  i n  f i r s t  d i f f e r e n c e  form. 
Sheep 
The r e s u l t s  r e p o r t e d  i n  Tab le  8 show t h a t  i n d i v i d u a l  c o e f f i c i e n t s  a r e  
g e n e r a l l y  s i g n i f i c a n t  a t  t h e  1 p e r c e n t  s i g n i f i c a n c e  l e v e l .  Comparing t h e  
A l l  v a r i a b l e  names d e f i n e d  i n  Appendix V .  
TABLE 8 
L i ves tock  Numbers: Sheep (1961-1981) 
Endogenous 
Pre-determined Breeding Ewes Ewe Hoggets Other Sheep 
DKE DKHGT DKOS 
Constant -2645.79 2161.56 8691.44 
L i v e s t o c k  Demoqraphics 
KE(-1) 
KHGT ( -1 )  
KOS ( -1 )  
DKE ( - 1  ) 
R e l a t i v e  P r i c e s  
PRWLPB 
PRDYWL 
Chanqes i n -  P r i c e s  
DPWR 
L e v e l  o f  P r i c e s  
P MR 
PLR 
Mo is tu re  D e f i c i t  
DWS 
Land Investment  
NILSB(-1) 
Government P o l i c y  
GOVT 1 1183.61 1248.8 
(2.7) (3 .6 )  
SUR Summary S t a t i s t i c s  
SER 426.00 358.27 356.63 
DW 2.17 1.00 2.09 
s t a n d a r d  e r r o r  o f  each  r e g r e s s i o n  (SER s t a t i s t i c )  w i t h  t h o s e  o b t a i n e d  from 
OLS e s t i m a t i o n  r e v e a l s  a  r e d u c t i o n  o f  an  a v e r a g e  less t h a n  1 0  p e r c e n t  h a s  
been ach ieved  u s i n g  SUR ( s e e  Appendix IV). T h e r e f o r e ,  t h e  advan tage  of 
SUR i n  t h i s  c a s e  l i e s  i n  t h e  e f f i c i e n c y  improvements g a i n e d  i n  e s t i m a t i n g  
i n d i v i d u a l  p a r a m e t e r s ,  r a t h e r  t h a n  g a i n s  i n  t h e  o v e r a l l  e x p l a n a t o r y  power 
o f  t h e  e q u a t i o n s .  
The l i v e s t o c k  demographic v a r i a b l e s  a r e  i m p o r t a n t  c o n t r i b u t o r s  t o  e a c h  
s h e e p  f l o c k  e q u a t i o n ' s  s i g n i f i c a n c e .  The s i g n s  on eac,h c o e f f i c i e n t  a r e  
c o n s i s t e n t  w i t h  e x p e c t a t i o n s  a l t h o u g h  t h e  s i z e  o f  t h e  c o e f f i c i e n t  a t t a c h e d  
t o  KOS i n  t h e  ' o t h e r '  s h e e p  e q u a t i o n  was n o t  e x p e c t e d  t o  be g r e a t e r  t h a n  
one.  Demographic v a r i a b l e s  a s  t h e y  a f f e c t e d  t h e  a d j u s t m e n t  c o e f f i c i e n t  
i n  t h e  o r i g i n a l  s p e c i f i c a t i o n  were n o t  s i g n i f i c a n t  and s o  exc luded  from 
- t h e  b r e e d i n g  ewe and ewe hogge t  e q u a t i o n .  The change  i n  b r e e d i n g  ewes ( D K E )  
was s i g n i f i c a n t  i n  t h e  ' o t h e r '  sheep  e q u a t i o n .  
Of  t h e  economic r e t u r n  v a r i a b l e s ,  t h e  r e l a t i v e  r e t u r n s  o f  lamb t o  prime- 
b e e f ,  and m i l k f a t  t o  wool were  found t h e  most  i m p o r t a n t  i n f l u e n c e s  c a u s i n g  
changes  i n  numbers o f  b r e e d i n g  ewes and ewe h o g g e t s  r e s p e c t i v e l y .  The wool 
t o  prime-beef r e l a t i v e  r e t u r n  i n  t h e  b r e e d i n g  ewe e q u a t i o n  was i n s i g n i f i c a n t .  
I n  t h e  l i g h t  o f  t h e  wool income component ' s  c o n t r i b u t i o n  t o  t o t a l  farm income, 
t h i s  was unexpected.  However, t h e  change i n  wool p r i c e s  d i d  have a  s t r o n g  
p o s i t i v e  e f f e c t  on t h e  change i n  ewe numbers. The impor tance  o f  t h e  m i l k f a t  
t o  wool p r i c e  r e l a t i v e  r e t u r n  i n  t h e  ewe hogge t  e q u a t i o n  emphas i ses  t h e  
c o m p e t i t i v e  n a t u r e  o f  t h e  s h e e p  and d a i r y  e n t e r p r i s e .  . C l e a r l y ,  a  movement 
towards  d a i r y i n g  c a n  be  i d e n t i f i e d  by a  r e d u c t i o n  i n  t h e  number o f  young 
b r e e d i n g  s t o c k  h e l d  on s h e e p  farms.  
The wool t o  prime-beef r a t i o  is s i g n i f i c a n t  i n  b o t h  t h e  ewe hogge t  
and ' o t h e r '  s h e e p  e q u a t i o n .  The n e g a t i v e  s i g n  a t t a c h e d  t o  t h e  v a r i a b l e ' s  
c o e f f i c i e n t  is  n o t  s u r p r i s i n g  i n  t h e  ' o t h e r '  s h e e p  e q u a t i o n ,  s i n c e  an i n c r e a s e  
i n  t h e  wool p r i c e  s t i m u l a t e s  h i g h e r  numbers o f  b r e e d i n g  ewes ( v i a  DPWR) 
and ewe h o g g e t s  ( v i a  PRDYWL). Thus, h i g h e r  wool p r i c e s  a l t e r  t h e  f l o c k  
compos i t ion  i n  f a v o u r  o f  b r e e d i n g  an imals .  The n e g a t i v e  s i g n  on t h e  wool 
t o  prime-beef r a t i o  i n  t h e  ewe hogget  e q u a t i o n  i s  p e r h a p s  a  l i t t l e  i n c o n s i s t e n t  
w i t h  e x p e c t a t i o n s .  Its n e g a t i v e  e f f e c t  is more t h a n  compensated f o r  by 
t h e  p o s i t i v e  e f f e c t  o f  t h e  m i l k f a t  t o  wool r a t i o  (PRDYwL), when wool p r i c e s  
rise. Thus, a  r ise i n  t h e  wool p r i c e  s t i l l  c a u s e s  ewe hogget  numbers t o  
r ise,  b u t  p e r h a p s  a t  a  r a t e  s l o w e r  t h a n  o l d e r  b r e e d i n g  a n i m a l s .  C l e a r l y ,  
t h e  i n i t i a l  r e s p o n s e  o f  f a r m e r s  t o  h i g h e r  wool p r i c e s  c a n  be t h a t  o f  r e d u c i n g  
t h e  c u l l i n g  r a t e  o f  o l d e r  a n i m a l s ,  a s  well a s  r e t a i n i n g  a  h i g h e r  p r o p o r t i o n  
o f  a v a i l a b l e  r e p l a c e m e n t s .  Having a d j u s t e d  o l d e r  b r e e d i n g  ewe numbers, t h e  . 
m a j o r i t y  o f  t h e  i n c r e a s e  i n  ewe hogge t  numbers w i l l  o c c u r  p redominan t ly  v i a  
subsequen t  demographic  impac t s .  
The e f f e c t  o f  e n v i r o n m e n t a l  and c a p i t a l  i n v e s t m e n t  v a r i a b l e s  on t h e  . 
r a t e  l i v e s t o c k  numbers a r e  a d j u s t e d  t o  t h e i r  d e s i r e d  l e v e l  i s  conf i rmed 
by t h e  s i g n i f i c a n c e  o f  t h e  m o i s t u r e  d e f i c i t  and n e t  i n v e s t m e n t  i n  l a n d  deve lop-  
ment v a r i a b l e s .  A s  e x p e c t e d  m o i s t u r e  s t r e s s  r e d u c e s  a d j u s t m e n t  r a t e s ,  w h i l e  
l a n d  development  f a c i l i t a t e s  h i g h e r  r a t e s  o f  a d j u s t m e n t .  
A dummy v a r i a b l e  ( 1  i n  1972,  -1 i n  1973,  0 e l s e w h e r e )  r e f l e c t i n g  payments 
made under t h e  S t o c k  R e t e n t i o n  Scheme is s i g n i f i c a n t  i n  b o t h  t h e  b r e e d i n g  
ewe and ewe hogge t  e q u a t i o n s ,  c o n f i r m i n g  t h e  i l l u s o r y  n a t u r e o f  s h e e p  f l b c k  
number i n c r e a s e s  i n  1972.  
Beef C a t t l e  
Tab le  9 summarises  t h e  SUR r e s u l t s  f o r  t h e  f o u r  beef  c a t t l e  c a t e g o r i e s .  
A s  w i t h  t h e  r e s u l t s  f o r  t h e  s h e e p  f l o c k ,  SUR e s t i m a t i o n  g e n e r a l l y  improved 
t h e  e f f i c i e n c y  o f  i n d i v i d u a l  c o e f f i c i e n t s  e s t i m a t e d ,  r a t h e r  t h a n  r e d u c i n g  
t h e  r e g r e s s i o n ' s  s t a n d a r d  e r r o r s  ve ry  d r a m a t i c a l l y .  Both t h e  l e v e l  and 
change i n  t h e  l i v e s t o c k  demographic v a r i a b l e s  a r e  s i g n i f i c a n t  i n  t h e  bee f  
c a t t l e  h e r d  e q u a t i o n s ,  showing t h e  i m p o r t a n c e  o f  demographic  t r e n d s  i n  t h e  
d e t e r m i n a t i o n  of t h e  d e s i r e d  l e v e l  o f  s t o c k  numbers and a d j u s t m e n t s  toward 
t h a t  l e v e l .  I n  t h e  e q u a t i o n  f o r  one  t o  two y e a r  o l d  b e e f  h e i f e r s ,  t h e  p r e v i o u s  
y e a r ' s  change i n  beef  h e i f e r s  under  one  y e a r  o l d  v a r i a b l e  h a s  a  n e g a t i v e  
s i g n .  Taken t o g e t h e r  w i t h  t h e  c o e f f i c i e n t  a t t a c h e d  t o  t h e  l e v e l  o f  under  
one y e a r  o l d  h e i f e r s  v a r i a b l e ,  a n  i n c r e a s e  i n  t h e  number o f  h e i f e r s  l e s s  
t h a n  one y e a r  o l d  s t i l l  g e n e r a t e s  an  i n c r e a s e  i n  t h e  number o f  one t o  two 
y e a r  o l d  bee f  h e i f e r s .  I n  t h e  less t h a n  one  y e a r  o l d  b e e f  h e i f e r  e q u a t i o n ,  
b o t h  t h e  l e v e l  and change i n  t h e  number o f  b e e f  b r e e d i n g  cows a r e  s t r o n g  
p o s i t i v e  i n f l u e n c e s .  These r e s u l t s  s u g g e s t  t h a t  one  t o  two y e a r  o l d  h e i f e r s  
a r e  a d j u s t e d  more s l o w l y  t o  d e s i r e d  l e v e l s  t h a n  under  one  y e a r  o l d  h e i f e r s ,  
whose numbers a r e  more v o l a t i l e .  Given t h e  b i o l o g i c a l  c o n s t r a i n t s  i n h e r e n t  
TABLE 9 
L i v e s t o c k  Numbers: Beef C a t t l e  (1961-1981) 
Endogenous 
Beef Breeding H e i f e r s  H e i f e r s  Other Beef 
Cows 1-2 y.0. < l  y.0. C a t t l e  
DKBBC DKBH DKBC DKOB 
Constant 
L i v e s t o c k  Demoqraphics 
KBBC ( -1 )  
KBH(-1) 
KBC ( -1)  
KOB ( - l  ) 
DKBBC ( -1)  
DKBH ( - 1  ) 
DKBC(-1) 
KDH(-1) 
R e l a t i v e  P r i c e s  
PRPBWL(-1) 
L e v e l  o f  P r i c e s  
PMBR 
Mo is tu re  D e f i c i t  
DWB 
Land Investment  
NILSB(-1) 
SUR Summary S t a t i s t i c s  
SER 40.13 19.28 14.30 83.89 
DW 2.42 1.01 1.76 1.06 
i n  b u i l d i n g  up t h e  bee f  herd  t h i s  conc lus ion  i s  n o t  s u r p r i s i n g .  Dec i s i ons  
rega rd ing  t h e  number o f  one t o  two year o l d  h e i f e r s  must be made w i t h  a  
v iew t o  t h e  long- term,  s i n c e  t he  d e c i s i o n  once made i s  n o t  r e v e r s i b l e  i n  
t h e  shor t - run .  Fo r  bee f  h e i f e r s  under one year  o l d  however, more f l e x i b l e  
c u l l i n g  p o l i c i e s  c r e a t e  g r e a t e r  scope f o r  r e v e r s i n g  d e c i s i o n s  made i n  p r e v i o u s  
years.  
The lagged number o f  d a i r y  h e i f e r s  a l s o  appears as a  demographic v a r i a b l e  
i n  t h e  one t o  two years  o l d  beef h e i f e r  equa t ion .  Th i s  accounts f o r  t h e  
p resen t  s t a t i s t i c a l  p r a c t i c e  of  d e f i n i n g  h e i f e r s  h e l d  on dabiry farms b u t  
i n t ended  f o r  bee f  p r o d u c t i o n  as p a r t  o f  t h e  b e e f  herd.  Given t h a t  farm 
census da ta  c o n s i s t e n t l y  shows t h e  number o f  one t o  two year o l d  d a i r y  h e i f e r s  
t o  be g r e a t e r  t han  t h e  number o f  under one year  o l d  h e i f e r s  i n  t h e  p r e v i o u s  
year,  l t  i s  apparent  t h a t  d a i r y  farmers c o n s i s t e n t l y  o v e r s t a t e  t h e  number 
o f  d a i r y  h e i f e r s  i n tended  f o r  bee f  p roduc t i on .  
I n  terms o f  t h e  e n t e r p r i s e  r e t u r n  v a r i a b l e s ,  t h e  prime-beef t o  lamb 
p r i c e  r a t i o  i s  s i g n i f i c a n t  i n  t h r e e  o f  t h e  f o u r  equat ions.  Th i s  suppo r t s  
t h e  r a t i o ' s  impor tance  i n  de te rm in ing  t h e  cho i ce  between t h e  sheep and beef 
e n t e r p r i s e s  which was revea led  i n  t h e  b reed ing  ewe equa t i on  summarised i n  
Table 8. However, Table 9 a l s o  shows t h a t  f o r  bee f  b reed ing  cows and beef 
h e i f e r s  under one year  o l d ,  t h e  r a t i o  between t h e  pr ime-beef and wool p r i c e  
i s  a  more s i g n i f i c a n t  i n f l u e n c e  on e n t e r p r i s e  cho i ce  than  t h e  pr ime-beef 
t o  lamb r a t i o .  
S o i l  m o i s t u r e  d e f i c i t  and n e t  inves tment  i n  l a n d  development, b o t h  
i n c l u d e d  i n  t h e  o r i g i n a l  s p e c i f i c a t i o n  as i n f l u e n c e s  on t h e  r a t e  a t  which 
l i v e s t o c k  numbers a r e  ad jus ted  t o  t h e i r  d e s i r e d  l e v e l ,  a r e  o n l y  s t r o n g l y  
s i g n i f i c a n t  i n  t h e  bee f  b reed ing  cow equat ion .  I n  t h e  c o n t e x t  o f  t h e  dynamics 
o f  demographic response t o  changes i n  these  v a r i a b l e s ,  o t h e r  bee f  c a t t l e  
c a t e g o r i e s  w i l l  respond t o  changes i n  s o i l  m o i s t u r e  c o n d i t i o n s  and l a n d  
development inves tment  i n  t h e  l o n g  run .  
D a i r y  C a t t l e  
The SUR e s t i m a t i o n  r e s u l t s  f o r  d a i r y  c a t t l e  a r e  presented i n  Table 10. 
The s tandard  e r r o r  o f  t h e  r e g r e s s i o n  (SER) was reduced by an average 20 pe rcen t  
f o r  b o t h  equa t ions  i n  comparison t o  OLS e s t i m a t i o n  (see Appendix I V ) .  
TABLE 10  
L i v e s t o c k  Numbers: D a i r y  C a t t l e  (1961-1981) 
Endogenous 
Cows and H e i f e r s  
over  1 y.0. 
DKD 
H e i f e r s  Q y. o. 
DKDH 
- Constant 
L i v e s t o c k  Demoqraphic 
KD(-1) 
R e l a t i v e  P r i c e s  
PRDYWL 
L e v e l  o f  P r i c e s  
PPBR 
PDR 
Mo is tu re  D e f i c i t  
DWD 
Investment  
NILDY ( -1)  
NIBDY ( -1)  
SUR Summary S t a t i s t i c s  
SER 
DW 
Perhaps  t h e  most i n t e r e s t i n g  r e s u l t  i n  T a b l e  1 0  is  t h e  c o n f i r m a t i o n  
o f  t h e  s t r o n g  e n t e r p r i s e  c o m p e t i t i o n  between t h e  s h e e p  f l o c k  and d a i r y  c a t t l e  
h e r d .  The m i l k f a t  t o  wool p r i c e  r a t i o  i s  t h e  most  s i g n i f i c a n t  v a r i a b l e  
i n  t h e  m i l k i n g  cow e q u a t i o n .  The same v a r i a b l e  i n  t h e  ewe hogget  e q u a t i o n  
i n  Tab le  8 a l s o  gave  t h e  h i g h e s t  c o n t r i b u t i o n  t o  t h e  e q u a t i o n ' s  o v e r a l l  
s i g n i f i c a n c e .  
I n  t h e  under  one  y e a r  o l d  d a i r y  h e i f e r s  e q u a t i o n  t h e  m i l k f a t  p r i c e  
l e v e l  v a r i a b l e  h a s  a  n e g a t i v e  c o e f f i c i e n t .  The n e g a t i v e  c o e f f i c i e n t  ou twe ighs  
t h e  p o s i t i v e  i n f l u e n c e  o f  t h e  m i l k f a t  t o  wool p r i c e  r a t i o .  T h i s  n e g a t i v e  
e f f e c t  o f  a  r ise i n  m i l k f a t  r e t u r n s  can be i n t e r p r e t e d  a s  a  s h o r t - t e r m  
phenomenon caused  by t h e  s h i f t i n g  o f  r e s o u r c e s  t o  p r o d u c t i v e  c a t t l e  and 
away from young s t o c k .  I n  t h e  l o n g e r  t e rm,  l i v e s t o c k  demographic and c a p i t a l  
i n v e s t m e n t  e f f e c t s  c a u s e  h e i f e r  numbers t o  i n c r e a s e ,  p r o v i d i n g  t h e  l e v e l  
o f  r e p l a c e m e n t s  r e q u i r e d  by an expanded m i l k i n g  h e r d .  
The s i g n  on t h e  l a n d  development i n v e s t m e n t  v a r i a b l e  i n  t h e  m i l k i n g  
cow e q u a t i o n  is  n e g a t i v e ,  an  i n c o n s i s t e n t  r e s u l t  g i v e n  a  p r i o r i  e x p e c t a t i o n s .  
For  m i l k i n g  cows, i n v e s t m e n t  i n  new b u i l d i n g s  is a  more s i g n i f i c a n t  and 
p o s i t i v e  i n f l u e n c e  on l i v e s t o c k  numbers. Younger cows a r e  more s t r o n g l y  
i n f l u e n c e d  by t h e  l e v e l  o f  n e t  i n v e s t m e n t  i n  l a n d  development .  These r e s u l t s  
a r e  p e r h a p s  i n d i c a t i o n s  t h a t  w h i l e  t h e  a b i l i t y  t o  h o l d  g r e a t e r  numbers o f  
young d a i r y  c a t t l e  i s  dependen t  on s u i t a b l e  deve loped  l a n d ,  i n c r e a s e s  i n  
t h e  numbers o f  p r o d u c t i v e  c a t t l e  a r e  more dependen t  on t h e  p r o v i s i o n  o f  
f a c i l i t i e s  t h a t  e n s u r e  t h e i r  p r o d u c t i v e  p o t e n t i a l  is r e a l i s e d .  
3.3.3 L i v e s t o c k  P r o d u c t i o n  
Tab le  11 p r e s e n t s  t h e  OLS e s t i m a t i o n  r e s u l t s  f o r  t h e  s i x  major commodi t ies  
produced by t h e  p a s t o r a l  s e c t o r .  The e q u a t i o n s  were  g e n e r a l l y  q u i t e  s t r a i g h t -  
fo rward  t o  e s t i m a t e ,  and t h e  summary s t a t i s t i c s  show t h a t  s a t i s f a c t o r y  l e v e l s  
o f  e x p l a n a t i o n  have been a c h i e v e d .  The e q u a t i o n  f o r  m i l k f a t  p r o d u c t i o n  
was e s t i m a t e d  w i t h  t h e  dependen t  v a r i a b l e  a s  m i l k f a t  p e r  head.  P r e l i m i n a r y  
e s t i m a t i o n  o f  an  a g g r e g a t e  f u n c t i o n  c o n s i s t e n t l y  g e n e r a t e d  a  n e g a t i v e  s i g n '  
on t h e  t o t a l  number o f  m i l k i n g  cows, an u n a c c e p t a b l e  r e s u l t  g i v e n  a  p r i o r i  
e x p e c t a t i o n s .  The e s t i m a t i o n  r e s u l t s  i n  T a b l e  11 f o r  t h e  m i l k f a t  p e r  head 
e q u a t i o n  show v e r y  r e a s o n a b l e  c o e f f i c i e n t s  a t t a c h e d  t o  t h e  pre-determined 
v a r i a b l e s ,  a l t h o u g h  t h e  n e g a t i v e  t ime  t r e n d  was unexpec ted .  
Apar t  from t h e  l i v e s t o c k  demographic v a r i a b l e s  which a s  expec ted  a r e  
major  c o n t r i b u t o r s  t o  e a c h  i n d i v i d u a l  e q u a t i o n ' s  s i g n i f i c a n c e ,  t h e  most 
s i g n i f i c a n t  v a r i a b l e s  a r e  t h o s e  r e l a t i n g  t o  c a p i t a l  i n t e n s i t y .  I n  each 
c a s e ,  i n c r e a s e s  i n  l a n d  c a p i t a l  p e r  s t o c k  u n i t  i n i t i a t e  growth i n  t o t a l  
o u t p u t .  Environmental  c o n s t r a i n t s  on p a s t u r e  g rowth ,  a s  r e p r e s e n t e d  by 
d a y s  o f  s o i l  m o i s t u r e  d e f i c i t ,  c o n s i s t e n t l y  r e d u c e  t o t a l  p r o d u c t i o n .  One 
e x c e p t i o n  t o  t h i s ,  however, c a n  b e  s e e n  i n  t h e  p r ime  b e e f  p r o d u c t i o n  e q u a t i o n ,  
where a  p r i o r i ,  a n  u n e x p e c t e d l y  p o s i t i v e  s i g n  was g e n e r a t e d .  
TABLE 11 
Lives tock  Product ion (1961-1981) 
Endogenous 
Pre-determined Wool Mutton Lamb Prime Manufacturing M i l k  f a t  
Beef Beef Per 
Head 
QW OM QL QPB QMB QMLKFHD 
Constant -215.72 -146.35 -217.76 215.97 -547.30 0.020 
L ives tock  Demoqraphics (-3.0) (-2.0) (-1.5) (7.0) (-2.0) (1.2) 










Leve l  o f  P r i c e s  
PLR 
PDR 
C a p i t a l  I n t e n s i t y  
SLDHDSB ( -1  ) 4.36 5.43 5. Oh 








OLS Summary S t a t i s t i c s  
R 2 0.92 0.81 0.85 0.77 0.96 
E2 
0.88 
0.90 0.76 0.81 0.71 0.93 
F 
0.84 
47.84 16.73 22.13 13.51 33.24 22.41 
D.W. 1.76 2.33 1.55 2.13 2.26 2.04 

CHAPTER 4  
DOMESTIC CONSUMPTION, STOCKS, EXPORTS 
4 . 1  I n t r o d u c t i o n  
C A major g o a l  i n  t h e  development o f  t h e  p a s t o r a l  s e c t o r  economet r i c  
model h a s  been t o  l i n k  t h e  volume o f  farm p r o d u c t i o n  w i t h  t h e  volume and 
v a l u e  o f  p a s t o r a l  e x p o r t s .  I n  o r d e r  t o  a c h i e v e  t h i s  o b j e c t i v e ,  t h r e e  
i n t e r d e p e n d e n t  t a s k s  were  r e c o g n i s e d :  
1. The c o l l e c t i o n  o f  f u r t h e r  d a t a  on p r o d u c t i o n  and u s e s  of  
a g r i c u l t u r a l  p r o d u c t s .  
2. s p e c i f i c a t i o n  o f  s t r u c t u r a l  r e l a t i o n s h i p s  which e x p l a i n  
t h e  r e l a t i o n s h i p s  i n v o l v e d .  
3 .  e s t i m a t i n g  t h e  c o e f f i c i e n t s  a t t a c h e d  t o  t h e  s t r u c t u r a l  
r e l a t i o n s h i p s  s p e c i f i e d .  
To unders tand  t h e  r e l a t i o n s h i p  between farm p r o d u c t i o n  and New Z e a l a n d ' s  
e x p o r t s  o f  a g r i c u l t u r a l  p r o d u c t s  accoun t  must be  t a k e n  o f  many f a c t o r s .  
For  each major p r o d u c t  t h e s e  i n c l u d e  a t  t h e  minimum: 
1. t h e  volume o f  farm p r o d u c t i o n  ( Q ) ,  
2 .  t h e  volume o f  d o m e s t i c  consumption ( C ) ,  
3. t h e  volume o f  s t o c k s  ( S ) ,  
4 .  t h e  volume o f  e x p o r t s  (X) ,  and 
5.  t h e  v a l u e  o f  e x p o r t s  ( V X ) .  
I n  t h e  model o f  t h e  New Zealand p a s t o r a l  s e c t o r ,  Laing (1982)  r e p o r t s  
e q u a t i o n s  d e s c r i b i n g  t h e  t o t a l  p r o d u c t i o n  o f  wool,  lamb, mut ton,  prime 
b e e f ,  manufac tu r ing  b e e f ,  and m i l k f a t .  Consequen t ly ,  i t  is t h e s e  s i x  major  
farm o u t p u t s  t h a t  must  be  l i n k e d  t o  t h e  f low o f  p a s t o r a l  e x p o r t s .  
From an economic p o i n t  o f  view t h e  r e l a t i o n s h i p s  between t h e  f a c t o r s  
d e s c r i b e d  above would a p p e a r  t o  be  s t r a i g h t  fo rward .  The a v a i l a b l e  supp ly  
i s  a l l o c a t e d  t o  e i t h e r  domes t i c  consumption,  e x p o r t s ,  and s t o c k s .  
There a r e  o f t e n  however, c o n s i d e r a b l e  d i f f i c u l t i e s  i n  u n d e r s t a n d i n g  
t h e  manner i n  which t h e s e  d e c i s i o n s  a r e  made and i n  some s i t u a t i o n s  i t  
can  be ex t remely  d i f f i c u l t  even o b t a i n i n g  i n f o r m a t i o n  a b o u t  t h e  l e v e l  of  
v a r i a b l e s  such a s  s t o c k s .  
Because o f  t h e s e  problems,  t h e  i n i t i a l  s e c t i o n  o f  t h i s  c h a p t e r  d i s c u s s e s  
t h e  a v a i l a b i l i t y  o f  d a t a  and t h e  f o r m u l a t i o n  o f  t h e  i d e n t i t y  r e l a t i o n s h i p s  
between t h e s e  v a r i a b l e s .  L a t e r  s e c t i o n s  d e s c r i b e  t h e  b e h a v i o u r a l  r e l a t i o n -  
s h i p s  which e x p l a i n  t h e  manner i n  which t h e  a l l o c a t i o n  d e c i s i o n s  a r e  made 
and t h e  economet r i c  e s t i m a t e s  a r e  p r e s e n t e d .  
4.2 The Fundamental R e l a t i o n s h i p s  Between P r o d u c t i o n ,  Consumption, S t o c k s  
and Expor t s  
4 . 2 . 1  Meat 
The volume o f  meat produced and consumed i n  New Zealand is  p u b l i s h e d  
by t h e  N e w  Zealand Department o f  S t a t i s t i c s '  (NZDS) Monthly A b s t r a c t  o f  
S t a t i s t i c s  (MAS). Both consumption and p r o d u c t i o n  a r e  measured i n  bone-in 
e q u i v a l e n t s .  Data on s t o c k s  o f  meat h e l d  i n  New Zealand can  be o b t a i n e d  
from t h e  New Zealand Meat P r o d u c e r s '  Board (NZMPB), a g a i n  i n  bone- in  e q u i v a l e n t s .  
. 
Both t h e  volume and v a l u e  o f  meat e x p o r t s  a r e  p u b l i s h e d  by t h e  NZDS 
i n  t h e i r  annua l  " A n a l y s i s  o f  E x t e r n a l  Trade" p u b l i c a t i o n .  The volume o f  
e x p o r t s ,  u n l i k e  p r o d u c t i o n ,  consumption o r  s t o c k s  is measured i n  s h i p p e d  
( o r  p r o d u c t )  we igh t .  Because o f  t h i s ,  an e x a c t  i d e n t i t y  between t h e  f o u r  
a g g r e g a t e s  canno t  be  c a l c u l a t e d .  However, by s u b t r a c t i n g  d o m e s t i c  consump- 
t i o n  and t h e  change i n  s t o c k s  away from t o t a l  p r o d u c t i o n ,  an  e s t i m a t e  o f  
e x p o r t s  i n  bone-in e q u i v a l e n t s  can  be  o b t a i n e d .  
i . e .  Qt - Ct  + S t-l - S = xt (b .1 . )  t 
The e s t i m a t e  can  t h e n  be  r e l a t e d  t o  t h e  volume o f  e x p o r t s  on p roduc t  
w e i g h t  b a s i s  v i a  t h e  i d e n t i t y :  
where  X L  
The i d e n t i t y  is  p u r e l y  a  mechanism by which problems i n  u s i n g  d a t a  c a l c u l a t e d  
i n  d i f f e r i n g  u n i t s  o f  measurement a r e  overcome. In  o r d e r  t o  u s e  t h e  i d e n t i t i e s  
d e s c r i b e d  above f o r  f o r e c a s t i n g  p u r p o s e s ,  an  e s t i m a t e  o f  t h e  c o n v e r s i o n  
f a c t o r  would have t o  b e  assumed. 
T h i s  c o n v e r s i o n  f a c t o r  is i n f l u e n c e d  by t h e  p r o p o r t i o n  o f  t h e  e x p o r t  
t r a d e  which is i n  c a r c a s e  form and t h e  a c t u a l  c a r c a s e  w e i g h t s  a c h i e v e d ,  b u t  
t h e  f a c t o r  t e n d s  t o  be r e l a t i v e l y  s t a b l e  w i t h  a  t r e n d  which r e f l e c t s  t h e  chang- 
i n g  composi t ion o f  t h e  t r a d e  f o r  some p r o d u c t s .  
Tab les  VI.l, VI.2 and VI.3 i n  Appendix V 1  p r e s e n t  t h e  d a t a  used i n  
c a l c u l a t i n g  i d e n t i t i e s  d e r i v i n g  b e e f ,  mutton and lamb e x p o r t s  r e s p e c t i v e l y .  
The convers ion  f a c t o r s  f o r  lamb and mutton a r e  c l o s e  t o  one,  r e f l e c t i n g  
t h e  l i m i t e d  n a t u r e  o f  boning-out  under taken  b e f o r e  e x p o r t .  I n  c o n t r a s t ,  
t h e  c o n v e r s i o n  f a c t o r  f o r  b e e f  e x p o r t s  a v e r a g e s  a b o u t  0.65. The impor tance  
o f  i n d i v i d u a l  components making up t h e  i d e n t i t i e s  is  a l s o  shown by Tab les  
VI.l t o  VI.3. In  c o n t r a s t  t o  mutton and b e e f ,  d o m e s t i c  consumption o f  lamb 
is  n o t  l a r g e  i n  compar ison t o  t h e  l e v e l  o f  p r o d u c t i o n  and e x p o r t s .  For 
a l l  meat t y p e s ,  t h e  t a b l e s  show s t o c k s  a r e  an  i m p o r t a n t  i n f l u e n c e  i n  e n s u r -  
i n g  b a l a n c e  between t h e  demand f o r  e x p o r t s  and t h e  s u p p l y  o f  e x p o r t s ,  a s  
measured by t o t a l  p r o d u c t i o n  l e s s  domes t i c  demand. Mutton s t o c k s  have 
o f t e n  reached l e v e l s  e q u i v a l e n t  t o  e i t h e r  one y e a r ' s  e x p o r t  demand o r  
one  y e a r ' s  domes t i c  consumption demand. Domestic consumption o f  mutton 
h a s  tended t o  f a l l  o v e r  t i m e ,  w h i l e  bee f  consumption r o s e  q u i c k l y  throqgh-  
o u t  t h e  1 9 6 0 ' s  and peaked i n  1978.  T o t a l  lamb consumption i n c r e a s e d  s t e a d i l y  
u n t i l  1973,  and s i n c e  t h e n  h a s  remained r e l a t i v e l y  s t a b l e  a t  t h a t  l e v e l .  
4.2.2 Wool 
For wool, p r o d u c t i o n  is c a l c u l a t e d  i n d i r e c t l y  by t h e  New Zealand Wool 
Board (NZWB), by a d j u s t i n g  t h e  sum o f  n e t  a u c t i o n  s a l e s ,  p r i v a t e  s a l e s ,  
grower sh ipments  o v e r s e a s ,  and wool on s h e e p s k i n s ,  f o r  changes  i n  s t o c k s .  
I n  t h e  absence of a  d i r e c t  measure o f  t o t a l  wool produced on New Zealand 
f a r m s ,  t h e  use  o f  NZWB p r o d u c t i o n  d a t a  is u n a v o i d a b l e .  However, i t  s h o u l d  
be  r e c o g n i s e d  t h a t  p r o d u c t i o n  a s  measured by t h e  NZWB is  i n  r e a l i t y  " t o t a l  
wool o f f e r e d  f o r  s a l e " .  
I n  a  s i m i l a r  f a s h i o n  t o  wool p r o d u c t i o n ,  no d i r e c t  measure o f  wool 
consumption i s  a v a i l a b l e .  Domestic m i l l  p u r c h a s e  o f  wool may be used t o  
r e p r e s e n t  domes t i c  consumption b u t  i n  t e r m s  o f  consumers  f i n a l  demand f o r  
wool,  t h i s  is n o t  a  p a r t i c u l a r l y  r e l e v a n t  measure .  A c t u a l  consumer demand 
f o r  wool is  met n o t  o n l y  from c u r r e n t  p u r c h a s e s  by d o m e s t i c  mills b u t  a l s o  
from s t o c k s  and t h e  wool c o n t e n t  o f  imported t e x t i l e s .  I n  a d d i t i o n ,  some 
o f  t h e  domes t i c  m i l l  p u r c h a s e s  o f  g r e a s y  wool a r e  e v e n t u a l l y  e x p o r t e d  i n  
a h i g h e r  p r o c e s s e d  o r  manufactured form. While t h e  u s e  o f  domes t i c  m i l l  
p u r c h a s e s  may n o t  be  a  good i n d i c a t o r  o f  a c t u a l  d o m e s t i c  consumption,  i t  
d o e s  a l l o w  g r e a s y  wool e x p o r t s  t o  be  d e r i v e d  a s  a  r e s i d u a l  from t o t a l  pro-  
d u c t i o n  s t o c k s  and consumpt ion.  
Wool s t o c k s ,  a s  men t ioned  e a r l i e r ,  a r e  u s e d  i n  d e r i v i n g  t o t a l  wool 
p r o d u c t i o n ,  and s o  a r e  e x c l u d e d  i n  a n  i d e n t i t y  between wool p r o d u c t i o n ,  
d o m e s t i c  m i l l  pu rchase  and e x p o r t s .  I n c l u d i n g  wool s t o c k s  would be  double-  
a c c o u n t i n g .  However, s t o c k s  purchased  by t h e  NZWB a t  a u c t i o n  must be 
i n c l u d e d  i n  t h e  i d e n t i t y ,  s i n c e  a c t u a l  e x p o r t s  a r e  t h e  r e s i d u a l  o f  t o t a l  
p r o d u c t i o n  less  wool r e t a i n e d  i n  New Zealand ( i . e .  d o m e s t i c  m i l l  p u r c h a s e s  
and wool s t o c k s  h e l d  by NZWB). 
U n l i k e  t h e  meat i d e n t i t i e s ,  a l l  d a t a  used i n  t h e  wool i d e n t i t y  were 
measured on a  g r e a s y  e q u i v a l e n t  b a s i s .  I n  s p i t e  o f  t h i s ,  wool e x p o r t s  
as e s t i m a t e d  from t h e  i d e n t i t y  do n o t  a lways  match t h e  a c t u a l  e x p o r t s  a s  
measured by t h e  NZDS. I n  1967 ,  t h e  e r r o r  between t h e  two series is  o f  a  
maximum o f  around 1 7  p e r  c e n t ,  b u t  on a v e r a g e  t h e  e r r o r  i s  w i t h i n  5 p e r  c e n t .  
A c o r r e c t i o n  f a c t o r  is used  t o  a c c o u n t  f o r  t h e  d i f f e r e n c e s  i n  t h e  ser ie ,~ .  
Tab le  VI.4 i n  Appendix V 1  shows t h a t  d o m e s t i c  consumpt ion is n o t  a  
ma jo r  component o f  t o t a l  wool p r o d u c t i o n ,  and t h a t  s t o c k s ,  though n o t  
a l w a y s  a  l a r g e  p r o p o r t i o n  o f  t o t a l  p r o d u c t i o n ,  a r e  a  h i g h l y  v a r i a b l e  component. 
4 .2 .3  M i l k f a t  
I n  t h e  i d e n t i t i e s  f o r  meat  and wool, t o t a l  p r o d u c t i o n  is measured 
i n  t h e  same u n i t s  a s  d o m e s t i c  consumpt ion,  s t o c k s  and e x p o r t s  (meat  e x p o r t s  
on a  s l i g h t l y  d i f f e r e n t  b a s i s ) .  T o t a l  d a i r y  p r o d u c t i o n ,  measured on a  
m i l k f a t  e q u i v a l e n t  b a s i s ,  i s  n o t  a s  e a s i l y  r e l a t e d  t o  t h e  consumpt ion,  s t o c k -  
h o l d i n g  and e x p o r t  o f  d a i r y  p r o d u c t s ,  which a r e  a l l  measured on a  p roduc t -  
w e i g h t  b a s i s .  Given t h e  number o f  d i f f e r e n t  p r o d u c t s  manufac tu red  from raw 
m i l k ,  c o n t a i n i n g  v a r y i n g  p r o p o r t i o n s  o f  m i l k f a t  i n  e a c h  p r o d u c t  ( e . g .  b u t t e r  
80 p e r  c e n t ,  skim-milk powder 1 p e r  c e n t j ,  a  r e a l i s t i c  model o f  d a i r y  p roduce  
e x p o r t s  must  f i r s t  b e g i n  w i t h  r e l a t i o n s h i p s  l i n k i n g  t h e  q u a n t i t y  o f  m i l k f a t  
p roduced  w i t h  t h e  f a c t o r y  p r o d u c t i o n  o f  i n d i v i d u a l  d a i r y  p r o d u c t s .  F i g u r e  3 
p o r t r a y s  s c h e m a t i c a l l y  a l t e r n a t i v e  p r o d u c t i o n  mixes  u t i l i s i n g  t h e  raw 
m a t e r i a l ,  l i q u i d  m i l k .  C l e a r l y ,  some o f  t h e  p r o d u c t s  a r e  complementary,  s o  
t h a t  t h e d e c i s i o n  on what t o  p r o d u c e  would r e f l e c t  n o t  s o  much t h e  p r o f i t a b i l -  
i t y  o f  i n d i v i d u a l  p r o d u c t s  b u t  t h e  r e l a t i v e  p r o f i t a b i l i t y  o f  d i f f e r e n t  p r o d u c t i o n  
mixes  ( s e e  S e c t i o n  4 .3 .4 ) .  
FIGURE 3 
P r o d u c t i o n  A l t e r n a t i v e s  f o r  R a w  Milk 
S e p a r a t i o n  
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In  o r d e r  t o  r e d u c e  t h e  number o f  p roduc t  c a t e g o r i e s  t o  be  i n v e s t i g a t e d ,  
some p r o d u c t  g roups  were  a g g r e g a t e d ,  l e a v i n g  t h e  s i x  major  c a t e g o r i e s ,  shown 
i n  Table  1 2  below. 
TABLE 12  
Dairy  Produc t  C a t e q o r i e s  
Data  C l a s s e s  Reported i n  S t a t i s t i c a l  Sources  
F a c t o r y  
Manufacture  
Expor t  Volume 
and Value 






But te r -mi lk  
Powder 
C a s e i n  
Creamery B u t t e r  
Anyhdrous M i l k f a t  
Frozen Cream 
Cheese 
Whey B u t t e r  
L a c t o s e  
Whole-milk powder 
Condensed and Evaporated Milk 
I n f a n t  Food 
Skim-milk powder 
B u t t e r - m i l k  powder 
8 u t t e r a  
Anhydrous M i l k f a t  
F rozen  Cream 
Ghee 
c h e e s e a  




Condensed and Evaporated Milk 
Dry Milk 
F r e s h  and Sour Milk b 
Blended Full-Cream Powder 
Skim-milk Powder 
Animal food p r e p a r a t i o n s ,  
Other  k i n d s C  
B u t t e r - m i l k  Powder 
a  
a l l  c a t e g o r i e s  
c o n v e r t e d  t o  d r y  e q u i v a l e n t  
C d e n a t u r e d  skim-milk powder 
Given t o t a l  p r o d u c t i o n  o f  i n d i v i d u a l  p r o d u c t s ,  i d e n t i t i e s  can  t h e n  be 
c o n s t r u c t e d  s o  t h a t  e x p o r t s  o f  e a c h  p r o d u c t  were d e r i v e d  a s  a  r e s i d u a l .  
Tab le  VI.6 i n  Appendix V 1  summarises  t h e  p r o d u c t i o n ,  consumpt ion ,  s t o c k s  
and e x p o r t s  d a t a  t h a t  a r e  a v a i l a b l e  o r  t h a t h a v e  been d e r i v e d .  P r o d u c t i o n  
and consumption d a t a  a r e  c o l l e c t e d  from t h e  New Zealand Da i ry  B o a r d ' s  (NzDB) 
"Annual Report1 '  w h i l e  e x p o r t  volume and v a l u e  d a t a  a r e t a k e n  from t h e  NZDS 
a n n u a l  "Export  S t a t i s t i c s " .  S t o c k s  d a t a  a r e  d e r i v e d  from t h e  i d e n t i t y :  
where DS = change i n  s t o c k s  t 
Da ta  on a c t u a l  s t o c k s  o f  i n d i v i d u a l  d a i r y  p r o d u c t s  a r e  d i f f i c u l t  t o  o b t a i n ,  
e s p e c i a l l y  o v e r  a  l o n g  p e r i o d .  T a b l e  13 compares t h e  d e r i v e d  s t o c k s  s e r i e s  
f o r  b u t t e r ,  c h e e s e  and skim-milk powder, w i t h  a c t u a l  d a t a  o b t a i n e d  from 
t h e  Commonwealth S e c r e t a r i a t ' s  a n n u a l  p u b l i c a t i o n  "Dairy Produce" ,  and 
t h e  A u s t r a l i a n  Bureau o f  A g r i c u l t u r a l  Economicst  a n n u a l  "Dairy  Outlook"' 
s e r i e s .  The d a t a  i n  Table  13 show t h a t  t h e  c h e e s e  and skim-milk powder 
s e r i e s  t e n d  t o  a g r e e  c l o s e l y ,  w h i l e  t h e  b u t t e r  s e r i e s  show some i m p o r t a n t  
d i s c r e p a n c i e s .  One r e a s o n  advanced t o  e x p l a i n  t h e s e  d i s c r e p a n c i e s  i s  t h a t  
r e p o r t e d  s t a t i s t i c s  o f t e n  do n o t  r e f l e c t  t h e  t r u e  p o s i t i o n  o f  n a t i o n a l  
m a r k e t i n g  o r g a n i s a t i o n s ,  s i n c e  s t o c k - h o l d i n g  p o s i t i o n s  a r e  a  key p i e c e  
o f  market  i n t e l l i g e n c e  t h a t  i n f l u e n c e  buyer  and s e l l e r  b e h a v i o u r  i n  i n t e r -  
n a t i o n a l  marke t s .  An a l t e r n a t i v e  r e a s o n  i s  t h a t  s t o c k s  a r e  n o t  well recorded .  
Given t h e  l a c k  o f  r e l i a b l e  s t o c k  d a t a ,  t h e  d e r i v e d  d a t a  have been u t i l i s e d  
f o r  t h e  a n a l y s i s  r e p o r t e d  i n  S e c t i o n  4.3.4. 
A s  w i t h  t h e  meat and wool i d e n t i t i e s ,  i t  s h o u l d  be  n o t e d  t h a t  t h e  
e x p o r t  p r i c e s  r e c e i v e d  f o r  d a i r y  p r o d u c t s  a r e  c o n s i d e r e d  exogenous  f a c t o r s  
which i n f l u e n c e  domes t i c  p r o d u c t i o n ,  consumption and s t o c k h o l d i n g  a c t i v i t i e s ,  
l e a v i n g  t h e  volume o f  e x p o r t s  a  r e s i d u a l .  I t  may be  c o n s i d e r e d  t h a t  s i n c e  
New Zealand is t h e  w o r l d ' s  l a r g e s t  e x p o r t e r  o f  d a i r y  p roduce ,  t h e  assumpt ion . 
t h a t  t h e  volume o f  New Z e a l a n d ' s  e x p o r t s  d o e s  n o t  a f f e c t  marke t  p r i c e s  is  
n o t  j u s t i f i e d .  However, t h e  i n t e r n a t i o n a l  market  f o r  d a i r y  p r o d u c t s  is  
n o t o r i o u s l y  u n s t a b l e ,  due  t o  t h e  f a c t  t h a t  f o r  most c o u n t r i e s ,  t h e  i n t e r -  
n a t i o n a l  market  is s e e n  a s  a  r e s i d u a l  market  f o r  t h e  dumping o f  domes t i c  
s u p p l y  s u r p l u s e s  o r  t h e  p u r c h a s e  o f  s h o r t - t e r m  demand d e f i c i t s .  Because 
TABLE 13 
Comparison o f  Ac tua l  and Derived S e r i e s  
Change i n  S t o c k s  
June  B u t t e r  Cheese Skim-Milk 
Year Powder . 
Actual  Der ived  Ac tua l  Der ived Ac tua l  Der ived  
(000 t o n n e s )  
1 . 5  6 .4  
22.9 7 . 1  
-8.4 -8.3 
3.7 9 .0  
1 0 . 1  11 .2  
5.8 13 .9  
-12.8 -14.9 
-10.3 -10.4 
o f  t h i s ,  i t  i s  t h e s e  ad  hoc i n f l u e n c e s  on t h e  market  t h a t  a r e  u s u a l l y  s e e n  
a s  d e t e r m i n i n g  t h e  l e v e l  o f  world  p r i c e s ,  w i t h  New Zealand p l a y i n g  a  very  
p a s s i v e  r o l e  i n  p r i c e  f o r m a t i o n .  The e q u a t i o n  s p e c i f i c a t i o n s  f o r  d a i r y  
p r o d u c t  manufacture  and s t o c k s  d i s c u s s e d  i n  s e c t i o n  4 .3 .4  r e f l e c t  t h i s  
v iewpoin t .  
4 . 3  Domestic Consumption and S t o c k s :  S p e c i f i c a t i o n  and E s t i m a t i o n  
4 . 3 . 1  I n t r o d u c t i o n  
The p r e v i o u s  d i s c u s s i o n  h a s  o u t l i n e d  t h e  major  q u a n t i t y  l i n k a g e s  
which e x i s t  between t h e  d o m e s t i c  p r o d u c t i o n  and e x p o r t  06  t h e  major a g r i -  
c u l t u r a l  p r o d u c t s .  
T h i s  s e c t i o n  d i s c u s s e s  i n  more d e t a i l  t h e  b e h a v i o u r a l  r e l a t i o n s h i p s  
which e x i s t  between t h e s e  v a r i a b l e s  and p r e s e n t s  t h e  e s t i m a t e d  economet r i c  
r e l a t i o n s h i p s .  
4 . 3 . 2  Domestic Consumption 
( 1 )  I n t r o d u c t i o n  E q u a t i o n s  f o r  domes t i c  consumption have been e s t i m a t e d  
f o r  s e v e n  o f  t h e  major p r o d u c t s  o r i g i n a t i n g  i n  t h e  p a s t o r a l  s e c t o r :  b e e f ,  
mut ton ,  lamb, wool, b u t t e r ,  c h e e s e  and milkpowder. Except  f o r  wool consump- 
t i o n ,  t o t a l  consumption o f  each  p r o d u c t  was d i v i d e d  by t o t a l  p o p u l a t i o n  i n  , 
N e w  Zealand t o  g i v e  an  e s t i m a t e  o f  p e r - c a p i t a  consumption.  A s  was no ted  i n  
S e c t i o n  4 . 2 . 2  wool consumption h a s  been d e f i n e d  i n  t e r m s  o f  d o m e s t i c  m i l l  
p u r c h a s e  r a t h e r  t h a n  f i n a l  demand by consumers.  
( 2 )  Meat and Dairy  Produce The e q u a t i o n s  s p e c i f i e d  t o  e x p l a i n  t h e  
p e r  c a p i t a  consumption o f  meat and d a i r y  produce i n c l u d e  r e t a i l  p r i c e s  o f  
meat and d a i r y  p r o d u c t s  and p e r  c a p i t a  d i s p o s a b l e  income a s  t h e  p r i n c i p a l  
exogenous  v a r i a b l e s .  Such a  s p e c i f i c a t i o n  i s  c o n s i s t e n t  w i t h  a  s i m p l e  
demand sys tem.  I n  t h i s  c a s e  r e t a i l  p r i c e s  a r e  c o n s i d e r e d  exogenous because  
t h e y  a r e  l i n k e d  c l o s e l y  t o  f a rm-ga te  p r i c e s  and t h e r e f o r e  t o  e x p o r t  p r i c e s ,  
which a r e  assumed exogenous t o  t h e  complete  model. Up t o  s e v e n  r e t a i l  
b 
p r i c e s  were c o n s i d e r e d  a s  p o s s i b l e  exogenous v a r i a b l e s  i n  t h e  consumption 
f u n c t i o n s :  b e e f ,  mut ton,  p o r k ,  c h i c k e n ,  c h e e s e ,  b u t t e r  and milkpowder.  
These  p r i c e s  were c o l l e c t e d  from t h e  NZDS1s " P r i c e s ,  Wages and Labour" 
a n n u a l  p u b l i c a t i o n .  The b e e f ,  mut ton and pork r e t a i l  p r i c e s  were  o f  
p a r t i c u l a r  c u t s ,  u s u a l l y  h i g h  v a l u e  c u t s ,  r a t h e r  t h a n  t h e  a v e r a g e  v a l u e  
o f  a  whole c a r c a s e .  Because o f  t h i s ,  t h e  p r i c e s  may n o t  be  a  good i n d i c a -  
t i o n  o f  t h e  p r i c e s  consumers  pay f o r  b u l k  p u r c h a s e s  o f  meat when s i d e s  o f  
lamb and mut ton,  o r  f r e e z e r  packs  of b e e f  a r e  b e i n g  s p e c i a l e d .  To t r y  and 
a c c o u n t  f o r  t h i s  d e f i c i e n c y  i n  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  p r i c e  
d a t a ,  meat s t o c k s  and t o t a l  p r o d u c t i o n  of e a c h  meat c a t e g o r y  were i n  some 
c a s e s  i n c l u d e d  i n  t h e  e q u a t i o n s '  s p e c i f i c a t i o n .  P e r i o d s  o f  h i g h  p r o d u c t i o n  
and /o r  s t o c k s  a r e  u s u a l l y  a s s o c i a t e d  w i t h  t h e  a v a i l a b i l i t y  o f  l a r g e  q u a n t i -  
t i es  o f  meat a t  s p e c i a l e d  p r i c e s  i f  purchased i n  b u l k  o r  c a r c a s e  form. 
I t  s h o u l d  be  n o t e d  t h a t  no lamb r e t a i l  p r i c e s  were  a v a i l a b l e  f o r  
i n c l u s i o n  i n  t h e  e q u a t i o n s ,  hence t h e  mutton p r i c e  was used a s  an  a l t e r n a -  
t i v e .  I n  r e c e n t  y e a r s ,  t h e  p a r t i c u l a r  c u t  moni tored by t h e  NZDS h a s  changed 
from a  mutton t o  a  hogge t  chop,  s o  i t  is n o t  u n r e a s o n a b l e  t o  assume t h a t  
t h e  a c t u a l  lamb c u t  r e t a i l  p r i c e  would f o l l o w  s i m i l a r  t r e n d s .  
For d a i r y  p r o d u c t s ,  b u t t e r ,  c h e e s e  and milkpowders have t e n d e d  t o  
be  s o l d  i n  more uniform p r o d u c t  c a t e g o r i e s ,  s o  t h a t  t h e  p r i c e . d a t a  do 
more a c c u r a t e l y  r e f l e c t  t h e  p r i c e  f a c e d  by consumers.  The r e t a i l  p r i c e  
o f  c h e e s e  was a l s o  i n c l u d e d  i n  t h e  e q u a t i o n s  f o r  mea t ,  s i n c e  c h e e s e  i s  
g e n e r a l l y  c o n s i d e r e d  a  c o m p e t i t i v e  s o u r c e  o f  p r o t e i n  t o  meat.  B u t t e r  and 
milkpowders a r e  n o t  r e g a r d e d  a s  s t r o n g  c o m p e t i t o r s  w i t h  meat ,  b u t  more 
p a r t i c u l a r l y  w i t h  o t h e r  d a i r y  p r o d u c t s  and margar ine .  U n f o r t u n a t e l y ,  
long- term r e t a i l  p r i c e  d a t a  f o r  margar ine  is u n a v a i l a b l e .  B u t t e r  and 
milkpowder consumption a r e  s t r o n g  c o m p e t i t o r s  i n  i n d u s t r i a l  u s e s  such  
a s  c o n f e c t i o n a r y  p r o d u c t i o n ,  and i n  t h e  bakery  i n d u s t r y .  Only one equa- 
t i o n  was e s t i m a t e d  f o r  milkpowder consumption-and t h e  a g g r e g a t i o n  o f  whole- 
m i l k ,  skim-milk and b u t t e r m i l k  powders can be j u s t i f i e d  because  they  a r e  
o f t e n  used i n  s i m i l a r  end u s e s .  
Table  1 4  r e p o r t s  t h e  l i n e a r  consumption f u n c t i o n s  f o r  meat and d a i r y  
p roduce  e s t i m a t e d  f o r  t h e  p e r i o d  1960 t o  1981.  The i n c l u s i o n  o r  e x c l u s i o n  
o f  p a r t i c u l a r  v a r i a b l e s  from t h e  f i n a l  e q u a t i o n s  depend n o t  o n l y  on t h e i r  
s t a t i s t i c a l  s i g n i f i c a n c e ,  b u t  a l s o  on t h e i r  s i g n ,  and t h e i r  e f f e c t  on t h e  
s i g n i f i c a n c e  and s i g n  o f  o t h e r  v a r i a b l e s .  For example ,  i n c l u s i o n  o f  e i t h e r  
t h e  r e t a i l  pork p r i c e  o r  t o t a l  bee f  p r o d u c t i o n  i n  t h e  bee f  e q u a t i o n  t ended  
t o  r e d u c e  t h e  s i g n i f i c a n c e  and magnitude o f  t h e  c o e f f i c i e n t  a t t a c h e d  t o  
p e r  c a p i t a  income, and t h e  o v e r a l l  f i t  o f  t h e  e q u a t i o n  was n o t  i n c r e a s e d .  
I n c l u s i o n  o f  opening s t o c k s  i n  t h e  beef  e q u a t i o n  i n c r e a s e s  t h e  R-squared t o  
0 .8 ,  b u t  removes t h e  s i g n i f i c a n c e  on t h e  r e t a i l  mut ton and bee f  p r i c e s .  
S t o c k s  o f  bee f  and v e a l  were  n o t  c o n s i d e r e d  t o  p l a y  t h e  major  r o l e  a s c r i b e d  
t o  them by t h e  e s t i m a t e d  e q u a t i o n  i n  d e t e r m i n i n g  b e e f  consumption,  and s o  
w e r e e x c l u d e d  i n  f a v o u r  o f  t h e  more a c c e p t a b l e  p r i c e  v a r i a b l e s .  
S i m i l a r  problems were  a l s o  e x p e r i e n c e d  i n  e s t i m a t i n g  t h e  lamb e q u a t i o n ,  
e x c e p t  t h i s  t i m e ,  i t  was t h e  pork and ch icken  r e t a i l  p r i c e s  which n o t  o n l y  
lowered  t h e  s i g n i f i c a n c e  o f  t h e  p e r  c a p i t a  income v a r i a b l e ,  b u t  a l s o  changed 
i ts  s i g n  from p o s i t i v e  t o  n e g a t i v e .  Again t h i s  was t h o u g h t  u n a c c e p t a b l e  
on a p r i o r i  grounds ,  s i n c e  lamb is a  h igh  v a l u e ,  . p r e f e r r e d  meat ,  w i t h  p e r  
c a p i t a  consumption o f  lamb i n c r e a s i n g  from 6.2 kg p e r  c a p i t a  i n  1960 t o  
1 3 . 7  kg i n  1976,  b e f o r e  f a l l i n g  t o  9 .0  kg p e r  c a p i t a  i n  1981.  
The mutton e q u a t i o n  proved s t r a i g h t - f o r w a r d  i n  e s t i m a t i o n ,  t h e  n e g a t i v e  
s i g n  on t h e  p e r  c a p i t a  income v a r i a b l e ' s  c o e f f i c i e n t  s u g g e s t i n g  t h a t  i t  is  
A l l  v a r i a b l e  names i n  Tab le  1 4  and s u b s e q u e n t  t a b l e s  d e f i n e d  i n  Appendix VII. 
TABLE 14  
Summary o f  Consumption Equat ions 
f o r  Meat and D a i r y  Produce 
(1960-1981) 
Dependent V a r i a b l e  (Per Cap i t a  Consumption) 
Independent 
V a r i a b l e s  Beef and Lamb M i l k  Veal Mut ton B u t t e r  Cheese Powder 
PCVB PCLB PCMN PCBUT PCHES PCPDR 
( t  va lue  i n  b r a c k e t s )  
Cons tan t  -5.4 -18.7 22.9 ' 32.9 6.8 6.8 
R e t a i l  P r i c e s  
Beef  
RPBEEF 
Mu t ton  0.16 0.069 -0.052 -0.027 









Income p e r  
C a p i t a  0.0073 0.0012 -0.0061 -0.0049 0.0036 -0.00033 
RPCNDY (2.3)  (1.0) (2.3) (-5.8) (4.6) (-0.3) 
~ o t a l  P roduc t i on  
Lamb 0.030 
4 L (2.4) 
Opening Stocks 
Mu t ton  
STMN(-1) 
Summary S t a t i s t i c s  
- 
R-squared 0.54 0.61 0.90 0.80 0.79 0.37 
D.W. 1.20 1.40 1.20 0.60 0.80 1.70 
r e g a r d e d  a s  an  i n f e r i o r  good. Opening s t o c k s  o f  mut ton a l s o  showed some 
s i g n i f i c a n c e ,  g i v i n g  s u p p o r t  t o  t h e  p r o p o s a l  t h a t  h i g h  s t o c k s  encourage 
s p e c i a l i n g  o f  mutton and b u l k  p u r c h a s i n g  by consumers.  
The e s t i m a t e d  e q u a t i o n s  f o r  d a i r y  produce produced v e r y  low Durbin- 
Watson s t a t i s t i c s  f o r  b u t t e r  and c h e e s e ,  imply ing  t h a t  i m p o r t a n t  v a r i a b l e s  
have been o m i t t e d  o r  p e r h a p s  t h a t  a  l i n e a r  f u n c t i o n a l  form is  i n a p p r o p r i a t e .  
Of s p e c i a l  n o t e  i n  t h e  milk-powder e q u a t i o n  i s  t h e  e f f e c t  o f  i n c l u d i n g  t h e  
b u t t e r  p r i c e ,  which l o w e r s  b o t h  t h e  magnitude and s i g n i f i c a n c e  o f  t h e  p e r  
c a p i t a  income v a r i a b l e .  However, g i v e n  t h a t  i n  some u s e s  b u t t e r  and milk- 
powder a r e  c l o s e  s u b s t i t u t e s ,  t h e  p r e f e r e n c e  f o r  t h e  i n c l u s i o n  o f  t h e  
b u t t e r  p r i c e  can  be  j u s t i f i e d .  
( 3 )  Wool In  r e c o g n i s i n g  t h a t  domes t i c  m i l l  p u r c h a s e s  a r e  n o t  a  
good i n d i c a t o r  o f  consumer demand f o r  wool,  i t  i s  i n a p p r o p r i a t e  t o  e s t i m a t e  
t h e  consumption f u n c t i o n  f o r  wool u s i n g  p e r  c a p i t a  consumption.  I n s t e a d ,  
t o t a l  m i l l  p u r c h a s e s  was used A s  t h e  dependent  v a r i a b l e .  . 
The demand f o r  wool by wool len  mills i s  d e r i v e d  from consumer and 
i n d u s t r i a l  demand f o r  t h e i r  p r o d u c t i o n ,  made up l a r g e l y  o f  wool len  c l o t h  
and ya rn .  T h i s  demand is  l i k e l y  t o  be  ve ry  income e l a s t i c ,  s i n c e  manu- 
f a c t u r e d  wool len  goods t e n d  t o  be  consumer d u r a b l e s  w i t h  h i g h  u n i t  v a l u e s .  
Given t h a t  A u s t r a l i a  is  t h e  l a r g e s t  market  f o r  e x p o r t s  o f  manufactured 
wool len  goods ,  p e r  c a p i t a  incomes i n  A u s t r a l i a  w i l l  a l s o  i n f l u e n c e  t h e  
demand by New Zealand m i l l s  f o r  raw wool. The r e s p o n s e  o f  m i l l  wool pur-  
c h a s e s  t o  h i g h e r  demand a r i s i n g  from h i g h e r  p e r  c a p i t a  income i s ,  t o  some 
e x t e n t ,  l i k e l y  t o  be a  l a g g e d  r e l a t i o n s h i p ,  due t o  o r d e r i n g  and p r o d u c t i o n  
d e l a y s .  
R e t a i l  p r i c e s  f o r  wool len  goods a l s o  i n f l u e n c e  consumer demand, and 
t h e r e f o r e ,  a l s o  a f f e c t  wool len  m i l l  demand f o r  wool. S i n c e  t h e  v a l u e  o f  
wool len  goods must be  g r e a t e r  t h a n  t h e  c o s t  o f  p roduc ing  them i f  manufac- 
t u r e r s  a r e  t o  make p r o f i t s  t h e  a u c t i o n  p r i c e  o f  wool i n  New Zealand c o u l d  
b e  used i n  r a t i o  form w i t h  r e t a i l  p r i c e s  t o  a c c o u n t  f o r  t h e  changing c o s t  
o f  raw m a t e r i a l s .  I n  1973  under  t h e  p r i c e  s t a b i l i s a t i o n  r e g u l a t i o n s  i n  
f o r c e  a t  t h e  time, a l l  wool purchased  by domes t i c  mills was s u b j e c t  t o  
a n  a v e r a g e  ( ' b a r e r n e ' )  p r i c e  o f  90 c e n t s  p e r  k i logram.  For  t h e  1974 s e a s o n ,  
t h e  bareme was 120 c e n t s  p e r  k i logram and a p p l i e d  o n l y  t o  wool purchased 
by domes t i c  m i l l s  t h a t  would e v e n t u a l l y  e n t e r  t h e  d o m e s t i c  marke t .  The 
Wool P r i c e  S t a b i l i s a t i o n  R e g u l a t i o n s  were revoked on 31  J u l y  1974.  The 
bareme p r i c e  under t h e  s t a b i l i s a t i o n  r e g u l a t i o n s  is l i k e l y  t o  be  a  s i g n i f i -  
c a n t  v a r i a b l e  i n  e x p l a i n i n g  d o m e s t i c  m i l l  p u r c h a s e s  i n  1973 and 1974. In  
1973  wool p u r c h a s e s  by d o m e s t i c  mills r o s e  o v e r  50 p e r  c e n t ,  i n  1974 by 
o v e r  20 p e r  c e n t .  Wool p u r c h a s e s  f e l l  by 47 p e r  c e n t  i n  t h e  f o l l o w i n g  y e a r .  
Q u a l i t a t i v e l y ,  t h e  scheme o p e r a t e d  on a  d i f f e r e n t  b a s i s  i n  1974  t h a n  it 
d i d  i n  1973 s i n c e  on ly  wool f o r  d o m e s t i c  consumption was s u b j e c t  t o  t h e  
r e g u l a t i o n s .  A dummy v a r i a b l e  on t h e  c o e f f i c i e n t  a t t a c h e d  t o  t h e  bareme 
p r i c e  v a r i a b l e  shou ld  accoun t  f o r  t h i s  d i f f e r e n c e .  
The 1975 s e a s o n  saw t h e  i n t r o d u c t i o n  o f  a  scheme a d m i n i s t e r e d  by 
t h e  Wool Marketing C o r p o r a t i o n ,  which purchased wool on b e h a l f  o f  domes t i c  
m i l l s  and h e l d  i t  f o r  up t o  n i n e  months. The scheme o p e r a t e d  from 1975 
t o  1978 ,  w i t h  g r e a t e s t  u s e  o f  t h e  scheme b e i n g  i n  1976,  when o v e r  30,000 
b a l e s  were purchased by t h e  NZWMC f o r  domes t i c  mills. Wool p u r c h a s e s  
under  t h e  scheme shou ld  e n t e r  t h e  s p e c i f i c a t i o n  t o  accoun t  f o r  t h e  pro- 
v i s i o n  o f  c r e d i t  t h e  scheme a l lowed .  Over t h e  same p e r i o d ,  a  s i m i l a r  , 
scheme which p rov ided  s i x t y  d a y s  c r e d i t  a l s o  e x i s t e d ,  b u t  t h e  scheme was 
n o t  wide ly  used by t h e  mills. 
Within  t h e  i n t e r n a t i o n a l  market  f o r  wool len  goods,  t h e  exchange r a t e s  
a r e  an  i m p o r t a n t  d e t e r m i n a n t  o f  p r i c e  c o m p e t i t i v e n e s s ,  and t h u s  s h o u l d  be 
i n c l u d e d  i n  a  wool consumption e q u a t i o n  s p e c i f i c a t i o n .  The i m p o r t a n c e  
o f  t h e  A u s t r a l i a n  market  s u g g e s t s  t h a t  t h e  exchange r a t e  between t h e  New 
Zea land  and A u s t r a l i a n  d o l l a r  is t h e  r e l e v a n t  v a r i a b l e  t o  i n c l u d e  i n  a  
N e w  Zealand f u n c t i o n .  Changes i n  demand f o r  wool by New Zealand wool len  
m i l l s ,  e s p e c i a l l y  upward demand c h a n g e s ,  a r e  l i k e l y  t o  be  c o n s t r a i n e d  by 
t h e  l e v e l  o f  c a p i t a l  equipment i n s t a l l e d  i n  t h e  wool len  i n d u s t r y .  The 
i n s t a l l a t i o n  o f  new c a p i t a l  c a n n o t  b e  ach ieved  immediate ly  i n  r e s p o n s e  t o  
e x p e c t e d  i n c r e a s e s  i n  long- term demand. Also ,  when demand is f a l l i n g ,  
a c t u a l  wool p u r c h a s e s  by mills may b e  main ta ined  i f  r e t u r n s  a l l o w  a t  l e a s t  
some of  t h e  f i x e d  c o s t s  i n c u r r e d  t o  be recovered .  Because o f  t h e s e  f a c t o r s  
a c t u a l  demand f o r  wool by mills may be a d j u s t e d  o n l y  s l o w l y  t o  t h e  d e s i r e d  
l e v e l  de te rmined  by market  f o r c e s ,  which s u g g e s t s  t h a t  a  p a r t i a l  a d j u s t m e n t  
mechanism may be a p p r o p r i a t e .  Such a  mechanism can be i n c o r p o r a t e d  th rough  
t h e  i n c l u s i o n  of a  l agged  dependen t  v a r i a b l e  i n  t h e  model s p e c i f i c a t i o n .  
To summarise,  t h e  demand by New Zealand mills f o r  raw wool is  c o n s i d e r e d  
t o  b e  de te rmined  by p e r  c a p i t a  incomes bo th  i n  New Zealand and A u s t r a l i a ,  
r e t a i l  p r i c e s  f o r  wool len  goods  r e l a t i v e  t o  t h e  c o s t s  i n c u r r e d  i n  p roduc ing  
t h o s e  goods,  t h e  e f f e c t s  o f  p r i c e  s t a b i l i s a t i o n  r e g u l a t i o n s  and c r e d i t -  
e x t e n s i o n  schemes, t h e  exchange r a t e  r e p r e s e n t i n g  i n t e r n a t i o n a l  p r i c e  com- 
p e t i t i v e n e s s ,  and l a g g e d  consumption r e p r e s e n t i n g  t h e  a d j u s t m e n t  o f  a c t u a l  
t o  d e s i r e d  demand. 
Table  1 5  r e p o r t s  t h e  p r e f e r r e d  e q u a t i o n  a f t e r  e x p e r i m e n t a t i o n  w i t h  
t h e  o r i g i n a l  s p e c i f i c a t i o n .  During e s t i m a t i o n ,  i t  was found t h a t  p e r  c a p i t a  
incomes i n  A u s t r a l i a  and N e w  Zealand were c o r r e l a t e d  h i g h l y  w i t h  each  o t h e r  
( r  = 0 . 8 2 ) .  The e f f e c t  o f  t h e  m u l t i c o l l i n e a r i t y  was t o  g e n e r a t e  a  n e g a t i v e  
c o e f f i c i e n t  i n  p e r  c a p i t a  incomes i n  New Zealand.  Th i s  r e s u l t  was c o n s i d e r e d  
u n s a t i s f a c t o r y ,  and i n  o r d e r  t o  overcome t h e  problem, p e r  c a p i t a  incomes 
i n  A u s t r a l i a  and New Zealand were summed and averaged  t o  g e n e r a t e  a  s i n g l e  
income v a r i a b l e .  T h i s  is e q u i v a l e n t  t o  imposing a  r e s t r i c t i o n  o f  t h e  
c o e f f i c i e n t s  o f  t h e  two income v a r i a b l e s  which e n s u r e s  t h a t  t h e y  a r e  e q u a l .  
The use  o f  t h e  r a t i o ,  r e t a i l  c a r p e t  p r i c e  t o  wool a u c t i o n  p r i c e ,  d j d  
n o t  produce r e s u l t s  which compl ied w i t h  e x p e c t a t i o n s ,  i n  t h a t  t h e  c o e f f i c i e n t  
had a  n e g a t i v e  s i g n .  Tab le  1 5  shows t h a t  u s e  o f  bo th  v a r i a b l e s  i n d e p e n d e n t l y  
p roduces  c o e f f i c i e n t s  w i t h  e x p e c t e d  s i g n s ,  though t h e  t - s t a t i s t i c s  imply 
t h a t  t h e  c o e f f i c i e n t s  a r e  i n s i g n i f i c a n t .  However, m u l t i c o l l i n e a r i t y  between 
t h e  two v a r i a b l e s  is  q u i t e  h i g h  ( r  = 0 . 7 )  s o  t h a t  t h e  low t - s t a t i s t i c s  
a r e  n o t  unexpected.  A f t e r  e x p e r i m e n t a t i o n ,  i t  was found t h a t  a  t h r e e  
y e a r  a v e r a g e  o f  t h e  p r e v i o u s  t h r e e  y e a r s  a v e r a g e  a u c t i o n  p r i c e  produced 
b e t t e r  r e s u l t s  t h a n  t h e  c u r r e n t  a v e r a g e  p r i c e ,  which g e n e r a t e d  a  p o s i t i v e  
s i g n .  
The p o s i t i v e  s i g n  on t h e  exchange r a t e  v a r i a b l e  was e x p e c t e d ,  a l t h o u g h  
t h e  t - s t a t i s t i c  shows t h e  c o e f f i c i e n t  t o  be  n o t  h i g h l y  s i g n i f i c a n t .  Again 
however,  m u l t i c o l l i n e a r i t y  between t h i s  v a r i a b l e  and o t h e r  v a r i a b l e s  i n  t h e  
e q u a t i o n ,  e s p e c i a l l y  t h e  p e r  c a p i t a  income v a r i a b l e  ( r  = 0 . 9 ) ,  is  l i k e l y  
t o  have reduced t h e  exchange r a t e ' s  s i g n i f i c a n c e .  
The p r e f e r r e d  e q u a t i o n  i n  Tab le  1 5  o m i t s  a  l agged  dependen t  v a r i a b l e .  
I t s  i n c l u s i o n  r e d u c e s  t h e  s i g n i f i c a n c e  o f  o t h e r  v a r i a b l e s  w h i l e  add ing  
n o t h i n g  t o  t h e  s i g n i f i c a n c e  o f  t h e  o v e r a l l  e q u a t i o n .  Also ,  a  n e g a t i v e  
s i g n  on t h e  l agged  dependen t  v a r i a b l e ' s  c o e f f i c i e n t  was e s t i m a t e d ,  imply ing  
a n  a d j u s t m e n t  c o e f f i c i e n t  o f  g r e a t e r  t h a n  one.  Th i s  s u g g e s t s  t h a t  domes t i c  
m i l l s  a lways  a d j u s t  p u r c h a s e s  t o  more t h a n  t h e  e x t e n t  d e s i r e d ,  s o  t h a t  
TABLE 1 5  
Wool Consumption Equa t ion  (1964-1981) 
Independent  
V a r i a b l e s  
Dependent V a r i a b l e  
Domestic M i l l  Pu rchases  o f  Wool ( t o n n e s )  
CWOOL 
C o n s t a n t  
P e r  C a p i t a  Income 
A N Z A C  
Trend i n  Auction P r i c e s  
PWART 
P r i c e  Subsidy 
WLSUBSY 
C r e d i t  
WLCDPY 
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e q u i l i b r i u m  is never  approached.  Even though t h e  l agged  dependen t  v a r i a b l e  
is  e x c l u d e d  from t h e  f i n a l  e q u a t i o n ,  t h e  i n c l u s i o n  of a  l a g g e d  exchange 
r a t e  and p r i c e  v a r i a b l e s ,  and t h e  i n f l u e n c e  o f  l agged  p e r  c a p i t a  income 
i n  t h e  f i n a l  e q u a t i o n  i n t r o d u c e s  t h e  e q u i v a l e n t  concep t  o f  a  g r a d u a l  r e s p o n s e  
t o  chang ing  economic c o n d i t i o n s .  
4.3.3 Meat and Wool S t o c k s  
( 1 )  General  S p e c i f i c a t i o n  I t  i s  d i f f i c u l t  t o  a r r i v e  a t  any s t r i c t  
model s p e c i f i c a t i o n  f o r  t h e  s t o c k  e q u a t i o n s  s i n c e  s t o c k s  a r e  h e l d  by a  number 
o f  marke t  p a r t i c i p a n t s  and f o r  q u i t e  d i f f e r e n t  mot ives  depending on t h e  
p a r t i c u l a r  p r o d u c t .  For example,  b e e f ,  lamb and mutton s t o c k s  a r e  h e l d  by 
b o t h  t h e  NZMPB and e x p o r t e r s ,  t h e  former  a s  a  r e a c t i o n  a g a i n s t  low p r i c e s ,  
t h e  l a t t e r  f o r  a  v a r i e t y  o f  r e a s o n s  i n c l u d i n g  t h e  need f o r  c o n t i n u o u s  p r o d u c t  
a v a i l a b i l i t y ,  t h e  need t o  accommodate s h i p p i n g  s c h e d u l e s  and s p e c u l a t i o n .  
Wool s t o c k s  a r e  more e a s i l y  h a n d l e d  s i n c e  t h e  s t o c k  p o s i t i o n  o f  t h e  Wool 
Board is r e a d i l y  a v a i l a b l e  and t h e  o b j e c t i v e s  a r e  c l e a r l y  s t a t e d .  Th i s  
s i m p l i f i e s  t h e  u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p s  i n v o l v e d .  Because o f  
t h e  r a n g e  o f  i n s t i t u t i o n s  i n v o l v e d ,  and t h e  d i f f e r e n t  r e a s o n s  f o r  h o l d i n g  
s t o c k s  o f  e x p o r t  p r o d u c t s ,  t h e r e  is no c l e a r l y  d e f i n e d  t h e o r e t i c a l  model 
which c a n  b e  used t o  p r o v i d e  a  model s p e c i f i c a t i o n .  I n  many c a s e s  t h e  
e s t i m a t e d  r e l a t i o n s h i p s  r e f l e c t  t h e  r e s p o n s e  o f  a  s i n g l e  i n s t i t u t i o n  t o  t h e  
c h a n g i n g  economic c o n d i t i o n s .  
For  t h e s e  r e a s o n s  t h e  s t o c k  e q u a t i o n s  a r e  based on t h e  f o l l o w i n g  
g e n e r a l  s p e c i f i c a t i o n :  
Change i n  - Opening T o t a l  Market Trend i n  
S t o c k s  - ( S t o c k s  P r o d u c t i o n  ' P r i c e s  Market P r i c e s  1 
The opening s t o c k  v a r i a b l e  is  i n c l u d e d  on t h e  assumpt ion  t h a t  t h e  
a c t u a l  change i n  s t o c k s  is o n l y  some p r o p o r t i o n  o f  t h e  d e s i r e d  change i . k .  
p a r t i a l  ad jus tment  is  t h o u g h t  t o  e x i s t .  A n e g a t i v e  s i g n  i s  e x p e c t e d  i n  
t h i s  v a r i a b l e  g iven  t h e  t h e o r e t i c a l  p a r t i a l  ad jus tment  model b u t  a  n e g a t i v e  
s i g n  would a l s o  be  expec ted  i n  a  more ad hoc model s i n c e  h i g h  open ing  s t o c k  
l e v e l s  would p r e c l u d e  t h e  need f o r  f u r t h e r  i n c r e a s e s  i n  s t o c k  l e v e l s .  Also 
h i g h  s t o c k  l e v e l s  a r e  c o s t l y  t o  m a i n t a i n  g iven  s t o r a g e  c o s t s  and t h e  c o s t  
o f  f i n a n c i n g  s t o c k s .  
The p r o d u c t i o n  l e v e l  is i n c l u d e d  t o  r e p r e s e n t  t h e  t r a n s a c t i o n s  demand 
f o r  s t o c k  a s  w e l l  a s  t h e  i n e v i t a b l e  d e l a y s  i n  p r o c e s s i n g  and t r a n s p o r t i n g  
c u r r e n t  p r o d u c t i o n  t o  m a r k e t s ,  p a r t i c u l a r l y  t h e  e x p o r t  marke t .  Thus, h igh  
l e v e l s  o f  p r o d u c t i o n  would be e x p e c t e d  t o  l e a d  t o  i n c r e a s e s  i n  t h e  end 
o f  p e r i o d  s t o c k s .  
Two p r i c e  v a r i a b l e s  a r e  i n c l u d e d  i n  t h e  e q u a t i o n  i n  o r d e r  t h a t  two 
t y p e s  o f  r e s p o n s e s  t o  h i g h e r  marke t  p r i c e s  a r e  accoun ted  f o r .  F i r s t l y ,  
h i g h e r  market  p r i c e s  i n  t h e m s e l v e s  would encourage s t o c k s  h e l d  by p roducer  
b o a r d s  t o  be  s o l d ,  b u t  s t o c k s  h e l d  by e x p o r t e r s  may r ise a s  p r o d u c t  i s  
d i v e r t e d  away from t h e  d o m e s t i c  market  f o r  e x p o r t  marke t s .  S p e c u l a t i o n  
may c a u s e  s t o c k  l e v e l s  t o  r i s e  a l s o  i f  p r i c e s  a r e  a n t i c i p a t e d  t o  c o n t i n u e  
t o  r ise.  The second p r i c e  t e rm is  t h e  t r e n d  i n  p r i c e s  r e p r e s e n t e d  by 
c u r r e n t  market  p r i c e  r e l a t i v e  t o  t h e  a v e r a g e  o f  t h e  p r e v i o u s  t h r e e  y e a r s  
marke t  p r i c e .  I f  c u r r e n t  p r i c e s  r ise r e l a t i v e  t o  t h e  t r e n d  i n  p r i c e s ,  
s t o c k h o l d e r s  may be  expec ted  t o  r e d u c e  s t o c k s  accumulated i n  low p r i c e  
p e r i o d s  caused  by s l a c k  e x p o r t  demand. 
Other  p r i c e  r e l a t e d  v a r i a b l e s  which r e f l e c t  t h e  p r o f i t a b i l i t y  o f  hold-  
i n g  s t o c k s  were a l s o  t e s t e d  f o r  s i g n i f i c a n c e .  These v a r i a b l e s  i n c l u d e d  
t h e  d i f f e r e n c e  between t h e  minimum p r i c e  e s t a b l i s h e d  by t h e  p r o d u c e r  b o a r d s  
and t h e  a c t u a l  market  p r i c e ,  t h e  e x p o n e n t i a l  o f  t h a t  d i f f e r e n c e ,  and t h e  
p r o p o r t i o n  t h e  d i f f e r e n c e  was o f  t h e  minimum p r i c e .  The u s e  o f  t h e  exponen- 
t i a l  v a r i a b l e  r e c o g n i s e s  t h a t  a  non-symmetrical  r e s p o n s e  t o  t h e  d i f f e r e n c e  
between t h e  minimum and market  p r i c e  may o c c u r .  For example,  i t  would be 
e x p e c t e d  t h a t  when t h e  market  p r i c e  was below t h e  minimum p r i c e  a  g r e a t e r  
s t o c k  change would occur  t h a n  when t h e  market  p r i c e  was above t h e  minimum. 
T h i s  non-symmetrical  r e s p o n s e  would r e f l e c t  t h e  a c t i v i t y  o f  p r o d u c e r  b o a r d s  
i n  s u p p o r t i n g  a  minimum p r i c e .  
An a l t e r n a t i v e  p r i c e  v a r i a b l e  t e s t e d  f o r  s i g n i f i c a n c e  was t h e  amount 
by which p r i c e s  r e c e i v e d  by f a r m e r s  d i f f e r e d  from t h e  market  p r i c e  i.e.. 
p r i c e  s u p p l e m e n t a t i o n  o r  skimming o p e r a t i o n s  were e x p l i c i t l y  accoun ted  
f o r .  T h i s  v a r i a b l e  was n o t  e x p e c t e d  t o  be  h i g h l y  s i g n i f i c a n t  s i n c e  o f t e n  
p r o d u c e r  b o a r d s  supplement  p r o d u c e r  r e t u r n s  a s  an  a l t e r n a t i v e  t o  s t o c k -  
h o l d i n g .  
( 2 )  E s t i m a t i o n  R e s u l t s  T a b l e  1 6  r e p o r t s  a  summary o f  t h e  p r e f e r r e d  
s t o c k s  e q u a t i o n s .  The dependen t  v a r i a b l e s  were t r a n s f o r m e d  i n t o  f i r s t  
d i f f e r e n c e  s e r i e s ,  and each e q u a t i o n  was e s t i m a t e d  from d a t a  f o r  t h e  p e r i o d  
1959-1981. 
For  each  o f  t h e  f o u r  p r e f e r r e d  e q u a t i o n s ,  open ing  s t o c k s ,  p r o d u c t i o n  
and t h e  market  p r i c e  f o r  t h e  p r o d u c t  a r e  found t o  be s i g n i f i c a n t  v a r i a b l e s .  
A s  e x p e c t e d ,  a l l  f o u r  c o e f f i c i e n t s  a t t a c h e d  t o  t h e  opening s t o c k s  v a r i a b l e s  
a r e  n e g a t i v e ,  a l t h o u g h  f o r  b e e f  s t o c k s  t h e  c o e f f i c i e n t  i n  a b s o l u t e  t e rms  
is  g r e a t e r  t h a n  one. In  t e r m s  o f  t h e  u n d e r l y i n g  p a r t i a l  a d j u s t m e n t  mechanism 
which was assumed, it s u g g e s t s  t h a t  a c t u a l  movements i n  s t o c k  l e v e l s  o c c u r  
i n  t h e  o p p o s i t e  d i r e c t i o n  t o  t h a t  d e s i r e d .  
The a b s o l u t e  market  p r i c e  is  s e e n  t o  be  a  p o s i t i v e  i n f l u e n c e  on s t o c k  
l e v e l s  f o r  meat p r o d u c t s ,  b u t  n e g a t i v e  f o r  wool. T h i s  does  n o t  imply t h a t  
h i g h e r  p r o d u c t  p r i c e s  w i l l  a lways  i n c r e a s e  meat s t o c k s  s i n c e  t h e  n e g a t i v e  
s i g n  on t h e  p r i c e  t r e n d  v a r i a b l e s  e n s u r e s  t h a t  i n c r e a s e s  i n  p r i c e  a l s o  
TABLE 1 6  
Meat and s t o c k s  (i959-1981) 
D e p n d e n t  V a r i a b l e s  ( F i r s t  D i f f e r e n c e )  
Independent  
V a r i a b l e s  Beef Lamb Mutton Wool 
DSTBV DSTLB DSTMN DSTWLBD 
C o n ~ t a n t  -42.41 -27.80 -34.81 -14.48 
Openinq Stock  
S m v (  -1 ) 






P m  
Market P r i c e  R e l a t i v e  to  
Trend in Market Price 
PLRTD 
PMRTD 
. . M;munum Minus Market P r i c e  
PMBDIF 
Exponent of Muurmrm . . ~Yinus 
Market P r i c e  
PWEXP 0.0021 
(2 .0)  
S m m q  S t a t i s t i c s  
- 
R-squared 
F - s t a t i s t i c  
D.W. statistic 
have s t o c k  r e d u c i n g  impac t s .  For  wool,  t h e  p r i c e  t r e n d  v a r i a b l e  proved 
i n s i g n i f i c a n t ,  b u t  a b s o l u t e  p r i c e  i n c r e a s e s  were found t o  a f f e c t  s t o c k s  
n e g a t i v e l y .  
For  b e e f  and lamb, t h e  d i f f e r e n c e  between t h e  s t a t u t o r y  minimum p r i c e  
and t h e  a c t u a l  market  p r i c e  i n  any s e a s o n  was found t o  have some s i g n i f i c a n c e  
i n  d e t e r m i n i n g  s t o c k  changes .  The c o e f f i c i e n t s  were p o s i t i v e ,  r e f l e c t i n g  
t h e  f a c t  t h a t  s t o c k s  a r e  l i k e l y  t o  i n c r e a s e  when t h e  market  p r i c e  is below 
t h e  minimum p r i c e ,  and d e c r e a s e  when p r i c e s  a r e  above t h e  minimum p r i c e .  
For  wool s t o c k s ,  t h e  e x p o n e n t i a l  o f  t h e  d i f f e r e n c e  between minimum and 
market  p r i c e s  was s i g n i f i c a n t ,  s u g g e s t i n g  a n  asymmet r i ca l  r e s p o n s e .  That  
is, s t o c k s  a r e  i n c r e a s e d  a t  a  f a s t e r  r a t e  when market  p r i c e s  a r e  below 
t h e  minimum p r i c e s ,  t h a n  s t o c k s  a r e  r educed  when market  p r i c e s  exceed  t h e  
minimum. 
S t a t i s t i c a l l y ,  t h e  F - s q u a r e s  f o r  e a c h  e q u a t i o n  a r e  n o t  v e r y  h i g h ,  
b u t  i t  must be  r e c o g n i s e d  t h a t  s i n c e  t h e  dependen t  v a r i a b l e  is  t h e  change 
i n  s t o c k s ,  a b s o l u t e  s t o c k  l e v e l s  a r e  e x p l a i n e d  t o  a  much h i g h e r  e x t e n t  
t h a t  t h e  R-squared s t a t i s t i c s  would s u g g e s t .  
4 .3 .4  Da i ry  P r o d u c t s  
( 1 )  I n t r o d u c t i o n  -- I n  s e c t i o n  4 i 2 . 3 ,  i t  was d e s c r i b e d  how t h e  l a r g e  
number o f  p r o d u c t s  a b l e  t o  be  manufac tu red  from raw m i l k ,  p r e s e n t e d  s p e c i a l  
problems.  A r e a l i s t i c  model o f  d a i r y  p r o d u c t  e x p o r t s  must l i n k  t h e  q u a n t i t y  
o f  m i l k f a t  produced,  w i t h  t h e  f a c t o r y  p r o d u c t i o n  o f  i n d i v i d u a l  d a i r y  p r o d u c t s .  
S i x  major  p r o d u c t  c a t e g o r i e s w e r e  d e f i n e d :  b u t t e r ,  c h e e s e ,  wholemilk  
powder, skim-milk powder, b u t t e r - m i l k  powder, and c a s e i n .  T h i s  s e c t i o n  
d i s c u s s e s  i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  product-mix c h o i c e  made by t h e  
New Zea land  Da i ry  Board i n  any p a r t i c u l a r  y e a r .  Equa t ions  r e l a t i n g  t h e s e  
f a c t o r s  t o  i n d i v i d u a l  p r o d u c t s  a r e  t h e n  s p e c i f i e d ,  and e s t i m a t i o n  r e s u l t s  
a r e  r e p o r t e d  i n  S e c t i o n  3 below. Given t h e  in te r -dependence  between 
product-mix and s t o c k  d e c i s i o n s  t h e s e  two major components o f  t h e  d a i r y  
i n d u s t r y  s t r u c t u r e  a r e  d i s c u s s e d  t o g e t h e r .  
( 2 )  Product-Mix -- Choice and S t o c k  Chanqes: S p e c i f i c a t i o n  o f  E q u a t i o n s  ---- 
( a )  General  D i s c u s s i o n  Over t h e  p a s t  20 y e a r s ,  i m p o r t a n t  changes  
have t a k e n  p l a c e  i n  b o t h  t h e  s t r u c t u r e  o f  t h e  domes t i c  d a i r y  m a n u f a c t u r i n g  
i n d u s t r y ,  and t h e  s t r u c t u r e  o f  i n t e r n a t i o n a l  marke t s .  To a l a r g e  e x t e n t ,  
t h e  i n t e r n a t i o n a l  f o r c e s  have made d o m e s t i c  s t r u c t u r a l  change u n a v o i d a b l e .  
Some o f  t h e  major i n t e r n a t i o n a l  i n f l u e n c e s  a f f e c t i n g  t h e  New Zealand 
d a i r y  i n d u s t r y  have i n c l u d e d  t h e  f o l l o w i n g :  
( i )  t h e  i m p o s i t i o n  o f  q u o t a s  f o r  e x p o r t s  o f  b u t t e r  and c h e e s e  
i n t o  t h e  Uni ted  Kingdom. For  b u t t e r ,  q u o t a s  were i n t r o -  
duced i n  1963,  w h i l e  f o r  c h e e s e  ' v o l u n t a r y  r e s t r a i n t '  o f  
e x p o r t  volumes i n t o  t h e  U . K .  began i n  1970.  I n  1973,  
c h e e s e  q u o t a s  were imposed a f t e r  B r i t a i n  became a  member 
o f  t h e  EEC. 
( i i )  t h e  development o f  t h e  E E C ' s  Common A g r i c u l t u r a l  P o l i c y  
(CAP). S i n c e  1964,  t h i s  h a s  encouraged m i l k f a t  p r o d u c t i o n  
i n  t h e  E E C ,  and t u r n e d  Western Europe i n t o  a  n e t  e x p o r t e r  
o f  d a i r y  p r o d u c t s .  The h i g h e r  i n t e r n a l  p r i c e  s t r u c t u r e  
i n  t h e  EEC h a s  l e d  t o  e x p o r t  s u b s i d i e s ,  making EEC d a i r y  
e x p o r t s  c o m p e t i t i v e  on world  marke t s .  These s u b s i d i e s  . 
( ' e x p o r t  r e s t i t u t i o n s ' )  p l a y  a  major r o l e  i n  d e t e r m i n i n g  
t h e  world  p r i c e  l e v e l  f o r  d a i r y  p r o d u c t s .  8 
( i i i )  t h e  e n t r y  o f  t h e  U . K .  i n t o  t h e  EEC i n  1973.  Th i s  b r o u g h t  
U . K .  a g r i c u l t u r e  under  t h e  CAP, and t h e  h i g h e r  CAP p r i c e  
l e v e l s  f o r  d a i r y  p r o d u c t s  h a s  encouraged U . K .  p r o d u c t i o n ,  
h e i g h t e n i n g  c a l l s  f o r  t o t a l  e x c l u s i o n  o f  New Zealand from 
t h i s  market .  I n  1978,  New Z e a l a n d ' s  c h e e s e  q u o t a  was 
reduced  t o  z e r o ,  b u t  a  q u o t a  o f  9 ,500 t o n n e s  was r e s t o r e d  
under GATT n e g o t i a t i o n s  i n  1980. 
( i v )  r e s t r i c t e d  a c c e s s  f o r  d a i r y  p r o d u c t s  i n t o  t h e  Uni ted  S t a t e s .  
B u t t e r  q u o t a s  were e s t a b l i s h e d  i n  t h e  U.S. i n  1963 and 
c h e e s e  q u o t a s  were e s t a b l i s h e d  i n  1967.  A t  t h e  same time, 
domes t i c  p r o d u c e r s  i n  t h e  U.S. have been i n s u l a t e d  from 
world  market  p r i c e s  t h r o u g h  g u a r a n t e e d  p r i c e  schemes.  A s  
f o r  t h e  EEC, t h e  i n t e r n a t i o n a l  market  is a  r e s i d u a l  market  
f o r  t h e  U.S. 
( v )  t h e  development o f  t h e  USSR a s  a  l a r g e  b u t  h i g h l y  u n s t a b l e  
market  f o r  b u t t e r .  P r i o r  t o  1972,  t h e  USSR was a  n e t  e x p o r t e r  
o f  b u t t e r .  I n  1973,  i t  impor ted  230,000 t o n n e s ,  b u t  i n  1974 
o n l y  11,000 t o n n e s .  
P r i o r  t o  1968,  t h e s e  r e s t i t u t i o n s  were d i f f e r e n t  f o r  each  member s t a t e .  
I n  1968 t h e y  became 'common' e x p r e s s e d  i n  u n i t  of  a c c o u n t s  ( U A ) .  
( v i )  Japan  a l s o  h a s  made an impac t  on i n t e r n a t i o n a l  marke t s  f o r  
b u t t e r  and c h e e s e  i n  r e c e n t  y e a r s .  Again, domes t i c  p r o d u c e r s  
a r e  i n s u l a t e d  from t h e  i n f l u e n c e  o f  f l u c t u a t i o n s  i n  world  
market  p r i c e s ,  l e a v i n g  t h e  world  market  a s  o n l y  a  s o u r c e  o f  
p e r i o d i c  s u p p l y  s h o r t f a l l s .  In  1974,  Japan impor ted  24,900 
t o n n e s  o f  b u t t e r ,  i n  1975 2 ,200 t o n n e s .  Milk-powder i m p o r t s  
have been u n s t a b l e  a l s o  b u t  a round  a h i g h e r  a v e r a g e  l e v e l .  
A r e a s o n a b l y  growing marke t  h a s  been found f o r  c h e e s e .  
Given t h e  i n c r e a s i n g l y  r e s t r i c t e d  a c c e s s  f o r  New Zealand d a i r y  p r o d u c t s  
on wor ld  marke t s ,  and c o m p e t i t i o n  i n  a c c e s s i b l e  marke t s  from s u b s i d i s e d  
e x p o r t s  from t h e  EEC and U.S., major  changes  have t a k e n  p l a c e  i n  New Z e a l a n d ' s  
d a i r y  p r o d u c t  manufac tu r ing  i n d u s t r y .  The most i m p o r t a n t  development h a s  
been t h e  i n s t a l l a t i o n  o f  h i g h - c a p a c i t y  m u l t i - p r o d u c t  d a i r y  f a c t o r i e s ,  t o  
g i v e  t h e  d a i r y  i n d u s t r y  t h e  c a p a b i l i t y  o f  a l t e r i n g  i t s  p r o d u c t i o n  mix t o  
a  much g r e a t e r  e x t e n t .  Most o f  t h e s e  new f a c t o r i e s  have been b u i l t  a f t e r  
1970.  For  example,  d u r i n g  t h e  1981  s e a s o n  1 0  c h e e s e  f a c t o r i e s  were clo,sed 
( a  30 p e r  c e n t  d e c l i n e  i n  t h e  number o f  p r o d u c t i o n  u n i t s )  and two new u n i t s  
commissioned,  b u t  t o t a l  c a p a c i t y  i n c r e a s e d .  A s s o c i a t e d  w i t h  t h i s  t y p e  o f  
development h a s  been t h e  change i n  m i l k f a t  c o l l e c t i o n  p r a c t i c e ,  n e a r l y  a l l  
b e i n g  c o l l e c t e d  i n  wholemilk r a t h e r  t h a n  i n  cream a f t e r  on-farm s e p a r a t i o n .  
Tab le  1 7  below r e f l e c t s  t h e s e  changes ,  showing t h a t  mi lk  powders i n  1980 
made up 38 p e r  c e n t  o f  t o t a l  d a i r y  p r o d u c t s  manufactured,  compared w i t h  
23 p e r  c e n t  i n  1965.  T o t a l  d a i r y  p r o d u c t  manufac tu re  i n  t e r m s  o f  p r o d u c t  
we igh t  h a s  r i s e n  from 523,000 t o n n e s  t o  719,000 t o n n e s .  
Unl ike  t h e  o t h e r  p r o d u c t s  d e a l t  w i t h  i n  t h e  o v e r a l l  mode1,the p r o d u c t i o n  - 
s t o r a g e  - e x p o r t  d e c i s i o n s  o f  t h e  d a i r y  i n d u s t r y  a r e  under t h e  c o n t r o l  o f  a  
s i n g l e  a u t h o r i t y ,  t h e  New Zealand Da i ry  Board (NZDB). Th i s  o r g a n i s a t i o n  h a s  
t h e  r e s p o n s i b i l i t y  o f  d e t e r m i n i n g  t h e  market  and a l s o  t h e  p roduc t  mix 
. d e c i s i o n s  f o r  t h e  s a l e  o f  New Zealand d a i r y  p r o d u c t s .  D i s c u s s i o n s  w i t h  
o f f i c i a l s  i n v o l v e d  i n  t h e  d e c i s i o n  making p r o v i d e d  an i d e a l  b a s i s  f o r  deve lop-  
i n g  a model o f  t h e  e x p o r t  t r a d e .  
The m a r k e t s  f o r  any p a r t i c u l a r  p r o d u c t  a r e  u s u a l l y  made up o f  t h r e e  
components;  l o c a l  t r a d e ,  q u o t a  m a r k e t s ,  and f r e e  a c c e s s  marke t s .  Both t h e  
l o c a l  and q u o t a  market  q u a n t i t i e s  a r e  u s u a l l y  r e l a t i v e l y  e a s y  t o  e s t i m a t e  
i f  n o t  known e x a c t l y  i n  advance,  b u t  e s t i m a t e s  must  be made o f  New Z e a l a n d ' s  
TABLE 1 7  
New Zealand Da i ry  F a c t o r y  p r o d u c t - ~ i x ~  
P r o d u c t  T o t a l  
Year P r o d u c t  
B u t t e r  Cheese Milk Powder Case in  Weight Whole Skim B u t t e r  
( p e r  c e n t )  (KT) 
1965  47 2 2 3 - 1 6  4 8 523 
1970 4 2 2 0  4 2 0 4 11 568 
1975  3  6 15  5  3  6 4 5  678 
1980  3 6 17  11 24 3 9  719 
S o u r c e :  NZDB ( v a r i o u s )  S t a t i s t i c a l  Supplement t o  Annual Repor t  
a  Note t h a t  t h e  t a b l e  s h o u l d  b e  i n t e r p r e t e d  i n  t e rms  o f  changes  i n  t h e  
product-mix o v e r  time r a t h e r  t h a n  t h e  r e l a t i v e  impor tance  o f  p a r t i c u l a r  
p r o d u c t s  ( i n  t e r m s  o f  volume o f  mi lk  used i n  t h e i r  m a n u f a c t u r e )  i n  any 
one  y e a r  e .g .  c o n v e r s i o n  o f  l i q u i d  skim-milk t o  c a s e i n  y i e l d s  o n l y  a  ' 
t h i r d  o f  t h e  p roduc t  we igh t  t h a t  p r o d u c t i o n  o f  skim-milk powder woukd 
y i e l d .  
s h a r e  o f  t h e  a c c e s s i b l e  m a r k e t s .  T h i s  can  o n l y  be done by a n a l y s i n g  world  
t r a d e  and p o l i c y  changes .  
The sum o f  t h e  t h r e e  q u a n t i t i e s  t h e n  becomes t h e  d e s i r e d  p r o d u c t i o n  
l e v e l  f o r  any p a r t i c u l a r  p r o d u c t .  A s h o r t a g e  o f  p r o d u c t i o n  c a p a c i t y  o r  
t o t a l  m i l k f a t  may l i m i t  t h e  ach ievement  o f  t h i s  d e s i r e d  l e v e l  and c u r r e n t  
p r o d u c t i o n  l e v e l s  w i l l  a l s o  b e  reduced  i f  opening p r o d u c t  s t o c k s  a r e  h i g h ,  
s i n c e  t h e  N Z D B ' s  s t a t e d  d e s i r e d  s t o c k  l e v e l  i s  a s  low a s  p o s s i b l e .  T h i s  
is a p p a r e n t l y  because  o f  t h e  poor  keep ing  q u a l i t y  o f  many d a i r y  p r o d u c t s ,  
and t h e  l a c k  o f  a v a i l a b l e  s t o r a g e  s p a c e .  
Having de te rmined  d e s i r e d  p r o d u c t i o n  l e v e l s  f o r  each  d a i r y  p r o d u c t ,  
t h e  Da i ry  Board t h e n  communicates them t o  i n d i v i d u a l  d a i r y  companies ,  and 
j o i n t l y  c o n t r a c t s  t o  buy a p p r o p r i a t e  q u a n t i t i e s  o f  p r o d u c t  a t  s p e c i f i e d  
' e x p o r t  purchase '  p r i c e s ' .  The d i f f e r e n t i a l  between t h e  i n d i v i d u a l  e x p o r t  
p u r c h a s e  p r i c e s  a r e  a p p a r e n t l y  key d e t e r m i n a n t s  o f  a  company's  i n d i v i d u a l  
p r o d u c t i o n  p l a n n i n g .  
( b )  S p e c i f i c a t i o n  o f  E q u a t i o n s  Having b r i e f l y  d e s c r i b e d  t h e  
i m p o r t a n t  f a c t o r s  which i n f l u e n c e  t h e  p r o d u c t  mix o f  d a i r y  p r o d u c t  manu- 
f a c t u r e  i n  New Zealand fo rmal  e q u a t i o n s  can  be  s p e c i f i e d  t o  d e s c r i b e  t h e s e  
r e l a t i o n s h i p s .  The s p e c i f i c a t i o n s  have been developed hav ing  r e g a r d  f o r  
t h e  a v a i l a b i l i t y  of d a t a  and,  because  o f  t h e  p o t e n t i a l l y  l a r g e  number o f  
v a r i a b l e s  which c o u l d  be i n c l u d e d ,  f o r  c o n s e r v i n g  d e g r e e s  o f  freedom. 
T a b l e  1 8  summarises t h e  e q u a t i o n s  s p e c i f i e d  f o r  t h e  p r o d u c t i o n  o f  
i n d i v i d u a l  d a i r y  p r o d u c t s .  The f i r s t  t h r e e  v a r i a b l e s  i n  Table  1 8  h i g h l i g h t  
t h e  complementa r i ty  i n  p r o d u c t i o n  o f  b u t t e r  w i t h  skim and b u t t e r - m i l k  powders,  
and c a s e i n ,  s i n c e  a  d e c i s i o n  t o  p roduce  b u t t e r  is a l s o  a  d e c i s i o n  t o  p roduce  
one o r  more o f  t h e  o t h e r  t h r e e  p r o d u c t s .  The s p e c i f i c a t i o n  s u g g e s t s  t h a t  
m i l k - f a t  is f i r s t  a l l o c a t e d  between b u t t e r ,  c h e e s e  and wholemilk powder, 
and t h e n  o t h e r  p r o d u c t  d e c i s i o n s  a r e  made. I n  a  s t r i c t  p r o f i t - m a x i m i s i n g  
f o r m u l a t i o n ,  t h e  product-mix d e c i s i o n s  would a p p e a r  t o  be  s i m u l t a n e o u s  b u t  
t h e  NZDB a p p e a r s  t o  f avour  t h e  s e q u e n t i a l  o r  h i e r a r c h i c a l  decis ion-making 
p r o c e s s .  T h i s  is  n o t  s u r p r i s i n g  from a  m a r k e t i n g  p o i n t  o f  view when it 
is c o n s i d e r e d  t h a t  o p t i m a l  q u a l i t i e s  o f  t h e  h i g h e s t  v a l u e  p r o d u c t s  s h o u l d  
be g i v e n  p r i o r i t y  i n  p r o d u c t i o n  p l a n n i n g .  T h i s  t y p e  o f  behav iour  is  con- 
s i s t e n t  w i t h  a  p o l i c y  o f  p r i c e  d i s c r i m i n a t i o n  and d i v e r s i f i c a t i o n .  . 
The e x p e c t e d  l e v e l  o f  domes t i c  consumption i s  i n c l u d e d  a s  a  s i m p l e  
l a g  o f  we igh ted  a v e r a g e  o f  t h e  p a s t  few y e a r s  consumption and t h e  e x p e c t e d  
s i z e  o f  t h e  a c c e s s i b l e  marke t s  a r e  a c c o u n t e d  f o r  by t h e  i n c l u s i o n  o f  v a r i a b l e s  
f o r  U . K .  b u t t e r  and c h e e s e  q u o t a s ,  EEC e x p o r t  r e s t i t u t i o n  payments,  and 
e x p e c t e d  n e t  e x p o r t  demands by t h e  p r i n c i p a l  t r a d i n g  n a t i o n s .  The n e t  e x p o r t  
demands f o r  t h e  EEC,  USA, USSR and Japan  have been a g g r e g a t e d  i n t o  a  v a r i a b l e  
f o r  e a c h  p r o d u c t  group,  s a v i n g  many d e g r e e s  o f  freedom b u t  l o s i n g  any d i f f e r -  
e n c e s  i n  t h e  impac t  o f  i n d i v i d u a l  c o u n t r y ' s  n e t  e x p o r t s .  Th i s  r e s t r i c t i o n  
was r e l a x e d  d u r i n g  e s t i m a t i o n  when r e s u l t s  proved u n s a t i s f a c t o r y .  For  b u t t e r  
and c h e e s e ,  t h e  d a t a  f o r  t h e  EEC is f o r  ' t h e  s i x ' ,  r a t h e r  t h a n  f o r  ' t h e  
n i n e '  o r  ' t e n ' .  The i n f l u e n c e . o n  t h e  U . K .  on t h e  n e t  e x p o r t  p o s i t i o n  o f  
t h e  EEC is  c o n s i d e r a b l e ,  and l i a b l e  t o  h i d e  t h e  r e a l  e f f e c t  o f  EEC e x p o r t s  
on t h e  a c c e s s i b l e  market  f o r  New Z e a l a n d ' s  e x p o r t s .  Q u o t a s  i n t o  t h e  USA 
a r e  n o t  e x p l i c i t l y  accoun ted  f o r  i n  t h e  s p e c i f i c a t i o n  b u t  a r e  i n d i r e c t l y  
r e p r e s e n t e d  by t h e  n e t  e x p o r t  demand v a r i a b l e .  
The s p e c i f i c a t i o n  i n  Tab le  1 8 s h o w s t h a t  n e t  e x p o r t  demand f o r  b u t t e r ,  
c h e e s e  and milkpowder a p p e a r  i n  e a c h  o f  t h r e e  p r o d u c t i o n  e q u a t i o n s ,  r ecog-  
n i s i n g  t h a t  i t  is  t h e  s t a t e  o f  t h e  world  d a i r y  p r o d u c t  market ,  r a t h e r  t h a n  
t h e  market  f o r  any p a r t i c u l a r  p r o d u c t ,  t h a t  i n f l u e n c e s  domes t i c  p r o d u c t i o n  
d e c i s i o n s .  The l a g g e d  dependen t  v a r i a b l e  i s  i n c l u d e d  i n  t h e  s p e c i f i c a t i o n  
a s  a  p a r t i a l  a d j u s t m e n t  mechanism, on t h e  assumpt ion  t h a t  t o t a l  p r o d u c t i o n  
TABLE 18 
Specification of Production Equations 
Independent 
Variables 
Dependent Variables (Volume) 
Butter Cheese Wholemilk Skim-milk Butter-milk Powder Powder Powder Casein 
1. Cheese-Butter 
Export Purchase Price 
Differential 
2. Milkfat Production 
3. Butter Production 
4. Domestic consumptiona 
5. Lagged Change in Stocks 
6. U.K. Butter Quota 
7. U.K. Cheese Quota 
8. EEC Export Restitution 
Payments 
9. Net Export Demand in 





10. Lagged Product ion 
a These variables are expectations. 
is n o t  a d j u s t e d  t o  t h e  e x a c t  l e v e l  d e s i r e d  b e c a u s e  o f  c o n s t r a i n t s  imposed 
by c u r r e n t  p r o d u c t i o n  c a p a c i t i e s .  These c o n s t r a i n t s  may be  caused  e i t h e r  
by a  l a c k  of f a c t o r y  c a p a c i t y ,  and i n  t h e  case of  whole and skim-milk 
powders, and c a s e i n ,  a l s o  by l i m i t e d  s u p p l i e s  o f  l iquid-skim-milk  u n t i l  
wholemilk c o l l e c t i o n  became widespread.  Given t h e  p r o d u c t i o n  base  f o r  
b u t t e r  and c h e e s e  t h a t  h a s  e x i s t e d  i n  t h e  d a i r y  i n d u s t r y  o v e r  a  l o n g  t i m e  
p e r i o d ,  p r o d u c t i o n  c a p a c i t y  i s  u n l i k e l y  t o  have been a  major f a c t o r  i n  
d e t e r m i n i n g  p r o d u c t i o n  d e c i s i o n s .  Tab le  1 8  shows t h a t  l agged  dependen t  
v a r i a b l e s  a r e  n o t  i n c l u d e d  i n  t h e s e  p r o d u c t  e q u a t i o n  s p e c i f i c a t i o n s  ( o r  
b u t t e r m i l k  powder, produced from b u t t e r ) .  
I n  keep ing  w i t h  t h e  d i s c u s s i o n  on t h e  s p e c i f i c a t i o n  f o r  t h e  p r o d u c t i o n  
e q u a t i o n s ,  i t  is proposed t h a t  t h e  e x i s t e n c e  o f  s t o c k s  is a  r e f l e c t i o n  o f  
e r r o r s  i n  f o r e c a s t i n g  domes t i c  consumption and t h e  l e v e l  o f  e x p o r t s  t o  
a c c e s s i b l e  marke t s .  Given t h e  l e v e l  o f  p r o d u c t i o n ,  any f o r e c a s t i n g  e r r o r s  
i n  t h e s e  two v a r i a b l e s  w i l l  d e t e r m i n e  t h e  change i n  s t o c k s .  Thus, t h e .  f i r s t  
v a r i a b l e  t o  b e  i n c l u d e d  i n  t h e  s t o c k s  e q u a t i o n  w i l l  be t h e  a c t u a l  l e v e L  o f  
domes t i c  consumption f o r  t h e  c u r r e n t  y e a r .  
F o r e c a s t i n g  e r r o r s  i n  e s t i m a t i n g  e x p o r t  volumes i n  world t r a d e  a r e  
accoun ted  f o r  by t h e  world  market  p r i c e  r e c e i v e d  v a r i a b l e ,  r e p r e s e n t e d  
by t h e  u n i t  v a l u e  f o r  New Zealand e x p o r t s .  The a d j u s t m e n t s  r e q u i r e d  t o  
e n s u r e  e q u a l i t y  between e x p o r t s  s u p p l i e d  and demand must o c c u r  i n  t h e  
s t o c k h o l d i n g  p o s i t i o n  o f  t h e  NZDB. T h e r e f o r e ,  s t o c k  changes  a r e  l i k e l y  
t o  be r e l a t e d  t o  t h e  u n i t  v a l u e  r e c e i v e d .  I f  e s t i m a t i o n  r e s u l t s  showed 
t h e  u n i t  v a l u e  v a r i a b l e  d i d  n o t  p rove  s i g n i f i c a n t  a s  e x p e c t e d ,  a c t u a l  n e t  
e x p o r t  b e h a v i o u r  o f  EEC, US, Japan,  and t h e  USSR, and EEC e x p o r t  r e s t i t u t i o n  
payments were used a s  v a r i a b l e s  i n s t e a d .  These may r e f l e c t  changes  i n  t h e  
world market  s i t u a t i o n  more a c c u r a t e l y  t h a n  t h e  e x p o r t  u n i t  v a l u e s .  9 
Having a c c o u n t e d  f o r  t h e  l e v e l s  o f  d o m e s t i c  consumption and e x p o r t  
volume, t h e  a c t u a l  l e v e l  o f  p r o d u c t i o n  w i l l  d e t e r m i n e  whether  s t o c k s  a r e  
b u i l t  up o r  r educed .  T h e r e f o r e ,  t h e  l e v e l  o f  p r o d u c t i o n  is i n c l u d e d  i n  
each change i n  s t o c k  e q u a t i o n .  
( 3 )  E s t i m a t i o n  R e s u l t s  
( a )  D a i r y  Produc t  P r o d u c t i o n  T a b l e  1 9  summarises r e g r e s s i o n  
Given t h a t  t h e  u n i t  v a l u e  is c a l c u l a t e d  from NZDS d a t a  t h i s  is a  s t r o n g  
p o s s i b i l i t y .  The NZDS d a t a  r e c o r d  , t h e  e x p o r t s a s  t h e y  l e a v e  t h e  c o u n t r y  
whereas  t h e  a c t u a l  v a l u e  o f  t h e  goods  may n o t  be  known u n t i l  a f t e r  t h e y  
r e a c h  t h e i r  d e s t i n a t i o n .  
TABLE 19 
%tiiration Results for Dairr Production a 
(1964-1981) 
Independent 
Variables Butter Cheese Milk W e r s  Osein Whole S& auttv 














U.K. Butter Quota 
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S W  Statistics 
- 
R-squared 0.83 0.42 0.94 0.77 0.85 0.68 
D.W. Statistic 2.20 2.70 2.20 1.70 2.50 3.00 
a t-statistics in brackets 
(-1) refers to lagqd -;=j.ables 
r e s u l t s  o b t a i n e d  f o r  e q u a t i o n s  d e s c r i b i n g  p r o d u c t i o n  o f  s i x  c a t e g o r i e s  o f  
d a i r y  p r o d u c t s  o v e r  t h e  p e r i o d  1964 t o  1981.  The e q u a t i o n s  were e s t i m a t e d  
u s i n g  Ord ina ry  L e a s t  S q u a r e s  (O.L.S.) .  
The e q u a t i o n s  e s t i m a t e d  f o l l o w  t h e  t h e o r e t i c a l  o u t l i n e  i n  Tab le  1 8  
w i t h  s e v e r a l  minor changes .  The e q u a t i o n  e x p l a i n i n g  skim-milk powder 
p r o d u c t i o n  i n c l u d e s  t h e  t o t a l  m i l k f a t  produced v a r i a b l e  i n  p r e f e r e n c e  
t o  t h e  v a r i a b l e  f o r  b u t t e r  p r o d u c t i o n ,  which was i n s i g n i f i c a n t  when i n c l u d e d  
i n  t h e  e q u a t i o n  and had a  n e g a t i v e  s i g n .  The m i l k f a t  p r o d u c t i o n  v a r i a b l e  
had t h e  p o s i t i v e  s i g n  e x p e c t e d  a f  i t ,  and was s i g n i f i c a n t .  Th i s  r e s u l t  
s u g g e s t s  t h a t  skim-milk p r o d u c t i o n  i s  i n f l u e n c e d  more by t h e  t o t a l  l e v e l  
o f  mi lk  p r o d u c t i o n  t h a n  b u t t e r  p r o d u c t i o n  i t s e l f .  I n  t h e  p a s t  t h i s  l i n k  
h a s  been e s t a b l i s h e d  th rough  t h e  l a r g e  s c a l e  p r o d u c t i o n  o f  skim-milk powder 
i n  some y e a r s  f o r  e x p o r t  a s  s t o c k f o o d ,  e n s u r i n g  t h a t  marke t s  a r e  found 
f o r  a l l  m i l k f a t  produced i n  any one y e a r ,  and a v o i d i n g  t h e  s t o c k p i l i n g  
o f  o t h e r  p r o d u c t s .  I n  t h e  e q u a t i o n  f o r  c a s e i n  p r o d u c t i o n ,  t h e  u s e  o f  
t h e  m i l k f a t  v a r i a b l e  proved s i g n i f i c a n t  b u t  had a n  unexpec ted ly  ne9ativ.e 
s i g n .  Th i s  p e r h a p s  r e i n f o r c e s  t h e  r o l e  o f  skim-milk powder a s  a  p r o d u c t  
which u t i l i s e s  o t h e r w i s e  unmarke tab le  m i l k f a t  p r o d u c t i o n .  
G e n e r a l l y ,  v a r i a b l e s  r e p r e s e n t i n g  t h e  e x p e c t e d  l e v e l  o f  d o m e s t i c  con- 
sumpt ion ( t a k e n  t o  be  l a g g e d  consumption)  d i d  n o t  p rove  s i g n i f i c a n t  and 
s o  were exc luded  from e v e r y  e q u a t i o n  e x c e p t  t h o s e  f o r  skim and b u t t e r - m i l k  
powders. Domestic b u t t e r  and c h e e s e  consumption was found t o  be  h i g h l y  
m u l t i c o l l i n e a r  w i t h  world  n e t  e x p o r t  demands, q u o t a s  i n t o  t h e  Uni ted  Kingdom, 
and EEC e x p o r t  r e s t i t u t i o n  payments ( r  = 0 . 8 ) .  T h i s  is  n o t  s u r p r i s i n g ,  
s i n c e  t h e  d o m e s t i c  market  h a s  been more a c t i v e l y  promoted by t h e  NZDB a s  
a c c e s s  t o  wor ld  m a r k e t s  became more r e s t r i c t e d .  
Most o f  t h e  change i n  s t o c k s  v a r i a b l e s  performed a s  e x p e c t e d  d u r i n g  
e s t i m a t i o n ,  t h e i r  u s u a l l y  n e g a t i v e  c o e f f i c i e n t s  showing t h a t  d o m e s t i c  produc-  
t i o n  i n  any p a r t i c u l a r  p r o d u c t  is reduced a s  s t o c k s  accumulate .  The s i g n i f i -  
c a n c e  o f  t h e  l a g g e d  change i n  skim-milk powder s t o c k s  i n  t h e  c a s e i n  p r o d u c t i o n  
e q u a t i o n  h i g h l i g h t s  t h e  s t o r a g e  s p a c e  a d v a n t a g e s  o f  c o n v e r t i n g  l i q u i d  sk im 
milk  i n t o  c a s e i n .  
A l l  t h e  v a r i a b l e s  r e p r e s e n t i n g  e x p o r t  r e s t i t u t i o n  payments made by 
t h e  EEC have s i g n s  i n  agreement  w i t h  a  p r i o r i  e x p e c t a t i o n s .  A f t e r  some 
e x p e r i m e n t a t i o n ,  t h e  n e t  e x p o r t  demand v a r i a b l e s  a l s o  performed well i n  
t h e  e s t i m a t e d  e q u a t i o n s ,  though t h e  t - s t a t i s t i c s  i n d i c a t e  t h a t  some c o e f f i -  
c i e n t s  a r e  i n s i g n i f i c a n t .  However, g i v e n  t h e  d e g r e e  o f  m u l t i - c o l l i n e a r i t y  
p r e s e n t  i n  t h e  model, and t h e  d e s i r e  t o  m a i n t a i n  c o n s i s t e n c y  between t h e  
s p e c i f i c a t i o n s  o f  t h e  p r e f e r r e d  e q u a t i o n s ,  i n s i g n i f i c a n t  v a r i a b l e s  were. 
r e t a i n e d  a s  l o n g  a s  t h e y  had t h e  c o r r e c t  s i g n  and d i d  n o t  i n t e r f e r e  w i t h  
t h e  s i g n s  and s i g n i f i c a n c e  o f  o t h e r  v a r i a b l e s .  O v e r a l l ,  t h e  impor tance  
o f  t h e  v a r i a b l e s  r e f l e c t i n g  i n t e r n a t i o n a l  marke t  c o n d i t i o n s  conf i rmed t h e  
r o l e  o f  marke t  a c c e s s  a s  a  major d e t e r m i n a n t  o f  product-mix d e c i s i o n s  i n  
t h e  New Zea land  d a i r y  i n d u s t r y .  
( b )  Chanqe i n  S t o c k s  Tab le  20 summarises e q u a t i o n s  d e s c r i b i n g  
t h e  change i n  s t o c k s  f o r  t h e  s i x  major  d a i r y  p r o d u c t  c a t e g o r i e s .  S i n c e  t h e  
dependent  v a r i a b l e  is  i n  f i r s t  d i f f e r e n c e  form, t h e  independen t  v a r i a b l e s  
were a l s o  t r a n s f o r m e d  i n  t h i s  manner. T h i s  e n s u r e s  t h a t  s t o c k s  w i l l  n o t  
c o n t i n u e  t o  change even when t h e  i n d e p e n d e n t  v a r i a b l e s  a r e  h e l d  c o n s t a n t .  1 0  
The r e g r e s s i o n  r e s u l t s  p r e s e n t e d  i n  Tab le  20 show t h a t  t h e  s p e c i f i c a -  
t i o n s  proposed were l a r g e l y  m a i n t a i n e d  d u r i n g  e s t i m a t i o n . .  The c o e f f i c i e n t s  
a s s o c i a t e d  w i t h  t h e  p r o d u c t i o n  and consumption v a r i a b l e s  a l l  have c o r r e c t  
s i g n s  and,  i n  t h e  main, a r e  s t a t i s t i c a l l y  s i g n i f i c a n t .  The u n i t  v a l u e  
v a r i a b l e s  were  r e t a i n e d  i n  t h e  e q u a t i o n s  i f  t h e i r  c o e f f i c i e n t s  had t h e  
expec ted  n e g a t i v e  s i g n .  In  e q u a t i o n s  where t h e  u n i t  v a l u e  had bo th  p o s i t i v e  
s i g n s  and no s i g n i f i c a n c e ,  v a r i a b l e s  r e p r e s e n t i n g  t h e  i n t e r n a t i o n a l  m a r k e t  
s i t u a t i o n  were  i n t r o d u c e d .  S i n c e  q u o t a s  and EEC e x p o r t  r e s t i t u t i o n  payments 
were assumed t o  be  known when p r o d u c t i o n  d e c i s i o n s  were made, o n l y  t h e  n e t  
e x p o r t  demand v a r i a b l e s  were t e s t e d  f o r  s i g n i f i c a n c e  i n  t h e  s t o c k  e q u a t i o n s .  
Given t h a t  t h e  l a g g e d  n e t  e x p o r t  demands were s p e c i f i e d  i n  t h e  p r o d u c t i o n  
e q u a t i o n s  a s  e x p e c t a t i o n s  r e g a r d i n g  c u r r e n t  n e t  e x p o r t  demand, t h e  d i f f e r e n c e  
between t h e  a c t u a l  and e x p e c t e d  becomes a  f o r e c a s t i n g  e r r o r .  S tock  changes  
a r e  i n  p a r t  d e t e r m i n e d  by t h i s  e r r o r .  I n  t h e  wholemilk and b u t t e r m i l k  
powder e q u a t i o n s ,  t h e  n e t  e x p o r t  demand For milkpowder by t h e  EEC improved 
t h e  o v e r a l l  f i t  o f  t h e  e s t i m a t e d  e q u a t i o n ,  though was n o t  h i g h l y  s i g n i f i c a n t  
i n  i ts  own r i g h t .  The c o e f f i c i e n t ' s  s i g n s  were  p o s i t i v e  a s  e x p e c t e d .  
I n  t h e  skim-milk powder e q u a t i o n ,  t h e  n e t  e x p o r t  market  f o r  mi lkpowders  
was found t o  b e  a  h i g h l y  s i g n i f i c a n t  v a r i a b l e ,  b u t  i ts  c o e f f i c i e n t  had a  
n e g a t i v e  s i g n .  T h i s  s u g g e s t e d  t h a t  t h e  l e v e l  o f  skim-milk powder e x p o r t s  
1 0  The i n c l u s i o n  o f  a c o n s t a n t  t e rm i n  t h e  e q u a t i o n  is  n e c e s s a r y  t o  e n s u r e  
a s s u m p t i o n s  u n d e r l y i n g  r e g r e s s i o n  a n a l y s i s  a r e  n o t  v i o l a t e d .  
E s t i m t i o n  Results f o r  Dair, Stocks a 
(1964-1981) 
Dependent Variables ( t o m e s  p.w.1 
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Stock F d  mrtS 
of m 
F s i i  
chancre in Stocks 
of Casein 
m( -1 
Sumnaryl S t a t i s t i c s  
- 
R - w e d  0.12 0.40 0.61 0.69 0.50 0.27 
F - s t a t i s t i c  1.70 4.80 9.90 10.30 6.70 2.90 
D - W - S t a t i s t i c s  1.90 1.80 1.70 1.90 2.50 1.10 
a t-stastistics in brackets  
(-1 ) 3ref-S t o  lagged value 
a s  s t o c k  f e e d  needed t o  b e  e x p l i c i t l y  a c c o u n t e d  f o r  i n  t h e  e q u a t i o n .  C l e a r l y ,  
e x p o r t i n g  s t o c k  f e e d  is  an a l t e r n a t i v e  t o  b u i l d i n g  up s t o c k s  when world  
marke t s  f o r  skim-milk powder a r e  f a c e d  w i t h  i n c r e a s e d  supp ly  from t h e  EEC 
and Uni ted  S t a t e s .  
The c a s e i n  s t o c k  e q u a t i o n  h a s  a  l a g g e d  dependen t  v a r i a b l e  i n c l u d e d  
mainly  because  o f  t h e . . l a c k  o f  e x p l i c i t  d a t a  r e f l e c t i n g  domes t i c  consumption 
o r  e x p o r t  m a r k e t s .  The n e g a t i v e  s i g n  on t h e  l a g g e d  change i n  s t o c k s  i n d i -  
c a t e s  t h a t  growing s t o c k  l e v e l s  i n  t h e  p a s t  a r e  an  i n c e n t i v e  t o  r e d u c e  
s t o c k s  i n  t h e  c u r r e n t  y e a r .  
O v e r a l l ,  t h e  r e g r e s s i o n  r e s u l t s  f o r  t h e  change i n  s t o c k s  e q u a t i o n s  
a r e  s a t i s f a c t o r y  from t h e  p o i n t  o f  view t h a t  t h e  s p e c i f i c a t i o n s  o f  t h e  
e s t i m a t e d  e q u a t i o n s  a r e  c o n s i s t e n t  w i t h  t h e  p r o d u c t i o n  e q u a t i o n s ,  and a l l  
c o e f f i c i e n t s  have t h e i r  e x p e c t e d  s i g n s .  The v e r y  low R-squares  c a l c u l a t e d  
f o r  t h e  b u t t e r  and c a s e i n  e q u a t i o n s  a r e  o f  c o n c e r n  b u t  i t  must be n o t e d  
t h a t  t h e  e q u a t i o n s  a r e  e s t i m a t e d  i n  f i r s t  d i f f e r e n c e s  form and would pr,ovide 
r e a s o n a b l e  e s t i m a t e s  o f  t h e  a b s o l u t e  l e v e l s  o f  s t o c k s .  The f a c t  t h a t  most  
o f  t h e  Durbin-WaCson s t a t i s t i c s  a r e  q u i t e  c l o s e  t o  two i n d i c a t e s  t h a t  t h e  
unexp la ined  v a r i a t i o n  i n  t h e  s i x  e q u a t i o n s  is  due t o  random i n f l u e n c e s .  
Given t h e  i m p o r t a n t  r o l e  t h a t  t h e  p r o d u c t i o n  o f  milk-powders p l a y  i n  b a l a n c -  
i n g  t h e  s u p p l y  and demand f o r  b u t t e r  and c h e e s e  i t  is  s i g n f i c a n t  t h a t  t h e  
s t o c k s  o f  t h e s e  p r o d u c t s  a r e  e x p l a i n e d  by t h e  model developed.  
4.4 E x p o r t s  
4.4.1 Expor t  Volumes 
The e s t i m a t e d  r e l a t i o n s h i p s  p r e s e n t e d  i n  t h e  p r e v i o u s  s e c t i o n s  r e p r e s e n t  
a l l  o f  t h e  b e h a v i o u r a l  r e l a t i o n s h i p s  which a r e  r e q u i r e d  t o  e s t i m a t e  t h e  
e x p o r t  l e v e l  o f  t h e  major  p a s t o r a l  p r o d u c t s .  The q u a n t i t y  o f  each  p r o d u c t ,  
measured i n  p r o d u c t  w e i g h t s ,  can  be  found from t h e  i d e n t i t y  r e l a t i o n s h i p s  
which were o u t l i n e d  i n  S e c t i o n  4.2. Each component o f  t h e  i n d i v i d u a l  i d e n t i t i e s  
e x c e p t  e x p o r t s  h a s  been e s t i m a t e d  from t h e  b e h a v i o u r a l  e q u a t i o n s .  I n  some 
c a s e s  exogenous c o n v e r s i o n  f a c t o r s  a r e  u s e d  t o  c o n v e r t  s t a t i s t i c a l  series 
from c a r c a s e  w e i g h t  t o  p r o d u c t  we igh t .  T h i s  a l l o w s  t h e  f i n a l  e x p o r t  volumes 
t o  be measured i n  u n i t s  used i n  t h e  o f f i c i a l  e x p o r t  s t a t i s t i c s .  In  t h e  
c a s e  o f  d a i r y  p r o d u c t s ,  t h e  c o n v e r s i o n  p r o c e s s  is c o n s i d e r a b l y  more complex 
and i n d i v i d u a l  b e h a v i o u r a l  e q u a t i o n s  a r e  n e c e s s a r y  t o  accoun t  f o r  t h e  produc- 
t i o n  o f  t h e  s i x  major  c a t e g o r i e s  o f  d a i r y  p r o d u c t s .  
In  mode l l ing  s y s t e m s  o f  t h i s  n a t u r e  i t  is  r e a l i s e d  t h a t  t h e  s e l e c t i o n  
o f  an  e lement  i n  a n  i d e n t i t y  t o  become a  r e s i d u a l  e l ement  can be  an  a r b i t r a r y  
d e c i s i o n .  I n  t h i s  s i t u a t i o n  i t  c o u l d  be  a r g u e d  t h a t  e i t h e r  domes t i c  con- 
sumpt ion and changes  i n  s t o c k  l e v e l s  c o u l d  b e  t r e a t e d  a s  t h e  r e s i d u a l  e l ement  
and e x p o r t s  c o u l d  have been de te rmined  from b e h a v i o u r a l  e q u a t i o n s .  The 
d e c i s i o n  t o  t r e a t  e x p o r t s  a s  t h e  r e s i d u a l  was based  on s e v e r a l  f a c t o r s .  I n  
t h e  ex t reme ,  t o  model t h e  l e v e l  o f  e x p o r t s  o f  e a c h  p r o d u c t  would r e q u i r e  
t h e  development o f  a  f u l l  wor ld  t r a d e  model w i t h  endogenous world p r i c e s  f o r  
e a c h  p r o d u c t .  T h i s  o b v i o u s l y  is  o u t s i d e  t h e  s c o p e  o f  t h e  c u r r e n t  model which 
assumes t h a t  world  p r i c e s  f o r  New Z e a l a n d ' s  p r o d u c t s  a r e  exogenous.  Thus, 
s o  l o n g  a s  it is c o n s i d e r e d  t h a t  t h e  volume of  New Z e a l a n d ' s  e x p o r t s  d o e s  
n o t  p l a y  a  s i g n i f i c a n t  r o l e  i n  p r i c e  f o r m u l a t i o n  i n  t h e  i n t e r n a t i o n a l  m a r k e t s  
i t  i s  p o s s i b l e  t o  a v o i d  t h e  mode l l ing  o f  c o n d i t i o n s  i n  each  o f  t h e  world  
marke t s .  Some o f  t h e s e  i n t e r n a t i o n a l  f a c t o r s  a r e  however, t a k e n  l n t o  a c c o u n t  
i n  t h e  e s t i m a t i o n  o f  o t h e r  e q u a t i o n s  and e s p e c i a l l y  t h e  s t o c k s .  
Also ,  because  t h e  s t o c k s  o f  t h e  p r o d u c t s  a r e  l a r g e l y  h e l d  i n  New 
Zealand and n o t  i n  f i n a l  m a r k e t s ,  i t  is n o t  d i f f i c u l t  t o  deve lop  a  c a u s a l i t y  
which s u g g e s t s  t h a t  s t o c k  l e v e l s  a r e  t h e  major  mechanisms which a r e  used 
t o  b a l a n c e  t h e  l e v e l s  o f  e x p o r t s  a t  e x i s t i n g  wor ld  p r i c e  l e v e l s .  
4.4.2 Expor t  Values  
I n  o r d e r  t o  p r o j e c t  o r  f o r e c a s t  t h e  n a t u r e  o f  a g r i c u l t u r a l  e x p o r t s  i n  
t h e  o v e r a l l  model it becomes n e c e s s a r y  t o  s c a l e  t h e  e x p o r t  volumes f o r  each  
p r o d u c t  by t h e  e x p o r t  u n i t  v a l u e s  which a r e  assumed exogenous.  A s  p r e v i o u s l y  
d i s c u s s e d ,  t h e r e  a r e  p o t e n t i a l  shor tcomings  i n  t h i s  major  assumpt ion b u t  a t  
t h e  p r e s e n t  s t a g e  o f  o v e r a l l  development o f  t h e  p a s t o r a l  s e c t o r  model i t  i s  
r e c o g n i s e d  a s  a  n e c e s s a r y  assumpt ion .  A s i m p l e  l i n k a g e  between e x p o r t  v a l u e s ,  
and volumes c o u l d  b e  r e p r e s e n t e d  by reduced form r e l a t i o n s h i p s  which r e f l e c t  
t h e  e x p o r t  demand e l a s t i c i t i e s  f o r  New Zealand p r o d u c t s .  These c o u l d  be  
e s t i m a t e d  o r  d e r i v e d  from o t h e r  s t u d i e s .  T h i s  would b e  a  s i m p l e  s o l u t i o n  
a s  i d e a l l y  t h e  model would become t r u l y  s i m u l t a n e o u s  w i t h  t h e  world  p r i c e  
b e i n g  endogenously  d e t e r m i n e d .  
I n  i ts p r e s e n t  form t h e  model  f o c u s e s  on t h e  dynamic  d o m e s t i c  r e s p o n s e  
t o  c h a n g i n g  i n t e r n a t i o n a l  p r i c e s  and  o t h e r  exogenous  i n f l u e n c e s .  The model-  
l i n g . o f  t h e  e x p o r t  v a l u e  i m p l i c a t i o n s  o f  t h e s e  c h a n g e s  i s  s e e n  a s  an  i m p o r t a n t  
p a r t  o f  p o l i c y  e v a l u a t i o n .  

CHAPTER 5 
MODEL V A L I D A T I O N  T H R O U G H  HISTORICAL SIMULATION ANALYSIS 
5 . 1  I n t r o d u c t i o n  
I n  e a r l i e r  c h a p t e r s  o f  t h i s  r e p o r t ,  t h e  b e h a v i o u r a l  e q u a t i o n s  making up 
t h e  economet r i c  model o f  t h e  p a s t o r a l  l i v e s t o c k  s e c t o r  were  s p e c i f i e d  and 
e s t i m a t e d .  G e n e r a l l y ,  t h e  s t a t i s t i c a l  r e s u l t s  o b t a i n e d  d u r i n g  e s t i m a t i o n  
s u p p o r t e d  t h e  model s t r u c t u r e  a s  s p e c i f i e d .  However, w h i l e  t h e  r e g r e s s i o n  
r e s u l t s  f o r  i n d i v i d u a l  e q u a t i o n s  a r e  i n d i c a t i v e  o f  t h e  comple te  m o d e l ' s  
v a l i d i t y ,  more o b j e c t i v e  measures  o f  t h i s  v a l i d i t y  can  be  g e n e r a t e d  t h r o u g h  
a n a l y t i c a l  and s i m u l a t i o n  t e c h n i q u e s .  The o b j e c t i v e  o f  t h e  f o l l o w i n g  two 
c h a p t e r s  is t o  d i s c u s s  t h e  p r o c e d u r e s  and r e s u l t s  o b t a i n e d  u s i n g  s i m u l a t i o n  
t e c h n i q u e s  t o  t e s t  t h e  v a l i d i t y  o f  t h e  comple te  model. I n  t o t a l ,  t h e  comple te  
model compr i ses  199 e q u a t i o n s ,  65  o f  which a r e  b e h a v i o u r a l  and t h e r e f o r e  
e s t i m a t e d  u s i n g  r e g r e s s i o n  t e c h n i q u e s ,  w h i l e  t h e  r e m a i n i n g  134  e q u a t i o n s  
a r e  i d e n t i t i e s .  These i d e n t i t i e s  l i n k  f o r  example,  changes  i n  l i v e s t o c k  
numbers t o  t h e i r  l e v e l ,  and c o n v e r t  l i v e s t o c k  numbers i n t o  s t o c k  u n i t s .  
Other  i d e n t i t i e s  l i n k  p e r  c a p i t a  domes t i c  consumption w i t h  t o t a l  consumpt ion,  
and n e t  c a p i t a l  i n v e s t m e n t  w i t h  g r o s s  i n v e s t m e n t  and t h e  c a p i t a l  s t o c k .  
A l s o ,  t h e  volume o f  e x p o r t s  is  d e r i v e d  i d e n t i c a l l y  a f t e r  t o t a l  p r o d u c t i o n ,  
d o m e s t i c  consumption and s t o c k  changes  a r e  accoun ted  f o r .  
T h i s  c h a p t e r  d i s c u s s e s  t h e  r e s u l t s  o f  a  h i s t o r i c a l  s i m u l a t i o n ,  t h e  
f i r s t  method under taken  t o  tes t  t h e  o v e r a l l  m o d e l ' s  v a l i d i t y .  The dynamics 
o f  t h e  model were f u r t h e r  a n a l y s e d  by g e n e r a t i n g  e l a s t i c i t i e s  r e f l e c t i n g  
t h e  impact  o f  changes  i n  p a r t i c u l a r  exogenous v a r i a b l e s  on t h e  m o d e l ' s  
endogenous v a r i a b l e s .  Again,  t h e s e  e l a s t i c i t i e s  were  c a l c u l a t e d  from sim- 
u l a t i o n s  o f  t h e  comple te  model. Chapter  6 r e p o r t s  t h e  e l a s t i c i t i e s  g e n e r a t e d .  
Given t h e  s i z e  o f  t h e  model,  and hence t h e  volume o f  v a l i d a t i o n  s t a t i s t i c s  
t h a t  c o u l d  be r e p o r t e d ,  t h e  main body of t h i s  c h a p t e r  i s  s e l e c t i v e  i n  i t s  
p r e s e n t a t i o n  o f  r e s u l t s .  F u l l  s t a t i s t i c a l  and g r a p h i c a l  r e s u l t s  can  be  found 
i n  Appendices V111 t o  XI. 
5.2 H i s t o r i c a l  S i m u l a t i o n  R e s u l t s  
5 .2.1 I n t r o d u c t i o n  
The c o e f f i c i e n t s  o f  i n d i v i d u a l  e q u a t i o n s  a r e  e s t i m a t e d  u s i n g  m u l t i p l e  
95. 
r e g r e s s i o n  t e c h n i q u e s  and t h e  p a r a m e t e r s  a r e  e s t i m a t e d  i n  s u c h  a  manner 
t h a t  t h e  e q u a t i o n s  a c c o u n t  f o r  a s  much v a r i a t i o n  i n  t h e  endogenous v a r i a b l e  
a s  p o s s i b l e .  The d e g r e e  t o  which a n  e s t i m a t e d  e q u a t i o n  e x p l a i n s  t h e  a c t u a l  
time s e r i e s  d a t a  i s  normal ly  summarised i n  t h e  c o e f f i c i e n t  o f  m u l t i p l e  
d e t e r m i n a t i o n  (R2). I n  a  m u l t i - e q u a t i o n  model w i t h  dynamic l i n k a g e s  between 
e q u a t i o n s  t h e  a b i l i t y  of i n d i v i d u a l  e q u a t i o n s  t o  g e n e r a t e  t h e  time s e r i e s  
d a t a  from which t h e y  were e s t i m a t e d  a l s o  depends  on t h e  a c c u r a c y  w i t h  which 
t h e  o t h e r  e q u a t i o n s  i n  t h e  sys tem a r e  e s t i m a t e d .  Of t h e  v a r i o u s  t y p e s  o f  
v a l i d a t i o n  s i m u l a t i o n  which c o u l d  be  used i n  t h i s  s i t u a t i o n ,  t h e  most 
c o m p l e t e  t e s t  o f  a  m o d e l ' s  c a p a b i l i t i e s  is  t o  s i m u l a t e  t h e  model o v e r  a  
l o n g  p e r i o d  u s i n g  model-genera ted l a g g e d  dependen t  v a r i a b l e s .  Because t h e  
model deve loped  i n  t h i s  s t u d y  i s  r e c u r s i v e  r a t h e r  t h a n  s i m u l t a n e o u s  t h e  
major  s o u r c e  o f  e r r o r  i n  s u c h  a  s i m u l a t i o n  is l i k e l y  t o  come from t h e  com- 
pounding o f  e r r o r s  from p a r t i c u l a r  e q u a t i o n s  i n t o  o t h e r  e q u a t i o n s  which 
depend on t h a t  p a r t i c u l a r  endogenous  v a r i a b l e .  I n  t h i s  s i t u a t i o n  i t  would 
be  e x p e c t e d  t h a t  t h e  d e g r e e  o f  e x p l a n a t i o n  f o r  any p a r t i c u l a r  v a r i a b l e  
would f a l l  below t h a t  o f  t h e  o r i g i n a l  e s t i m a t e ,  where a c t u a l  v a l u e s  o f ,  
l a g g e d  endogenous v a r i a b l e s  were  used .  The major  o b j e c t i v e  o f  t h i s  v a l i d a -  
t i o n  e x e r c i s e  is  t o  g e t  a  measure  o f  t h e  a b i l i t y  o f  t h e  model t o  e x p l a i n  
t h e  dynamic r e l a t i o n s h i p s  o v e r  a  r e a s o n a b l y  l o n g  p e r i o d  o f  time. 
5 .2 .2  Methodoloqy 
The complete  model was s i m u l a t e d  o v e r  t h e  p e r i o d  1965 t o  1 9 8 1  i n  a  
d e t e r m i n i s t i c  b u t  dynamic framework. The dynamic a s p e c t  o f  t h e  s i m u l a t i o n  
r e q u i r e s  t h e  v a l u e s  o f  l a g g e d  endogenous v a r i a b l e ' s  t o  b e  d e t e r m i n e d  from 
p r e v i o u s  model s o l u t i o n s ,  r a t h e r  t h a n  u s i n g  a c t u a l  d a t a .  O f  c o u r s e ,  t o  
b e g i n  t h e  s i m u l a t i o n ,  a c t u a l  v a l u e s  o f  l a g g e d  endogenous v a r i a b l e s  b e f o r e  
1965 a r e  n e c e s s a r y  i n p u t s  t o  t h e  s i m u l a t i o n .  
The c h o i c e  o f  1965 a s  t h e  s t a r t i n g  d a t e  f o r  t h e  s i m u l a t i o n  was d e t e r -  
mined by t h e  f a c t  t h a t  i t  was t h e  f i r s t  y e a r  i n  which d a t a  w e r e a v a i l a b l e  
f o r  e v e r y  endogenous v a r i a b l e  i n  t h e  model. T h i s  c o i n c i d e s  w i t h  t h e  s h o r t e s t  
p e r i o d  o f  d a t a  a v a i l a b l e  f o r  e s t i m a t i o n  o f  t h e  model, 1965-1981. The m a j o r i t y  
o f  t h e  e q u a t i o n s  i n  t h e  model were  e s t i m a t e d  o v e r  a  l o n g e r  time p e r i o d ,  s o  
t h e  c h o i c e  o f  1965 a s  t h e  s t a r t i n g  p o i n t  may n o t  be  t h e  most f a v o u r a b l e  i n  
v a l i d a t i n g  t h o s e  p a r t i c u l a r  e q u a t i o n s .  However, g i v e n  t h a t  t h e  v a l i d a t i o n  
o f  t h e  e q u a t i o n  sys tem r e q u i r e s  t h e  s i m u l a t i o n  o f  t h e  comple te  model,  t h e  
u s e  o f  1965 a s  t h e  s t a r t i n g  p o i n t  is unavo idab le .  
The v a l i d i t y  of t h e  c o m p l e t e  model a s  judged by t h e  h i s t o r i c a l  s i m u l a t i o n  
c a n  be d i s c u s s e d  i n  t e r m s  o f  b o t h  s t a t i s t i c a l  and g r a p h i c a l  r e s u l t s .  S t a t i s -  
t i c a l l y ,  f o u r  measures  o f  v a l i d i t y  a r e  r e p o r t e d ,  t h e  mean a b s o l u t e  p e r c e n t a g e  
e r r o r  (MAPE), t h e  T h e i l  U s t a t i s t i c  (U) ,  t h e  s i m p l e  c o r r e l a t i o n  c o e f f i c i e n t  
between t h e  a c t u a l  a n d . s i m u l a t e d  time s e r i e s  f o r  e a c h  endogenous v a r i a b l e  
( r ) ,  and t h e  c o e f f i c i e n t  o b t a i n e d  by r e g r e s s i n g  t h e  p r e d i c t e d  s e r i e s  on t h e  
a c t u a l  s e r i e s  ( b ) .  Each o f  t h e s e  s t a t i s t i c s  h i g h l i g h t s  a  s l i g h t l y  d i f f e r e n t  
a s p e c t  o f  model v a l i d i t y .  The MAPE c a p t u r e s  t h e  s i z e  o f  p r e d i c t i o n  e r r o r s  
i n  r e l a t i o n  t o  t h e  a c t u a l  s e r i e s ,  w h i l e  t h e  U measures  t h e  a b i l i t y  w i t h  
which t h e  s i m u l a t i o n  p r e d i c t e d  changes  i n  t h e  a c t u a l  endogenous v a r i a b l e .  
For  b o t h  t h e  MAPE and U ,  s i m u l a t i o n s  which g e n e r a t e d  t h e  a c t u a l  t ime  s e r i e s  
p e r f e c t l y  would produce s t a t i s t i c s  e q u a l  t o  z e r o .  Values  o f  t h e  U s t a t i s t i c  
g r e a t e r  t h a n  o r  e q u a l  t o  o n e  imply t h a t  t h e  model p r e d i c t s  changes  i n  t h e  
endogenous v a r i a b l e  worse o r  no b e t t e r  t h a n  a  n a i v e  no change f o r e c a s t .  
The c o r r e l a t i o n  c o e f f i c i e n t ,  . r ,  measures  t h e  s t r e n g t h  and d i r e c t i o n  
o f  t h e  a s s o c i a t i o n  between t h e  a c t u a l  and p r e d i c t e d  s e r i e s .  Values  o f , r  ' 
e q u a l  t o  p o s i t i v e  one imply p e r f e c t  a s s o c i a t i o n  o f  t h e  two s e r i e s .  The 
r e g r e s s i o n  c o e f f i c i e n t  b  p r o v i d e s  a  numer ica l  v a l u e  f o r  t h e  r e l a t i o n s h i p  
between t h e  a c t u a l  and p r e d i c t e d  s e r i e s .  While r measures  a s s o c i a t i o n  
between two v a r i a b l e s , a  g i v e n  v a l u e  o f  r is  c o n s i s t e n t  w i t h  an  i n f i n i t e  
number o f  s t r a i g h t  l i n e s ,  and hence ,  b  c o e f f i c i e n t s .  I n  t h e  r e g r e s s i o n s  
o f  p r e d i c t e d  a g a i n s t  a c t u a l  d a t a  s e r i e s ,  b c o e f f i c i e n t s  o f  one imply a  
p e r f e c t  r e l a t i o n s h i p  between t h e  two s e r i e s .  
The examina t ion  o f  a  m o d e l ' s  v a l i d i t y  is  a i d e d  by g r a p h i n g  t h e  a c t u a l  
and p r e d i c t e d  v a l u e s  o f  t h e  endogenous v a r i a b l e s .  The summary s t a t i s t i c s  
d i s c u s s e d  do n o t  e x p l i c i t y  measure  t u r n i n g  p o i n t  e r r o r s  produced by t h e  
s i m u l a t i o n ,  b u t  t h e s e  can  b e  c l e a r l y  p r e s e n t e d  i n  s u c h  a  g raph .  
Before  d i s c u s s i n g  t h e  r e s u l t s  from t h e  h i s t o r i c a l  s i m u l a t i o n  it s h o u l d  
be  r e c o g n i s e d  t h a t  w h i l e  t h e  aim o f  model v a l i d a t i o n  i s  t o  t e s t  t h e  ' o v e r a l l  
e q u a t i o n  s y s t e m ' s  a b i l i t y  t o  g e n e r a t e  a  time p a t h  c l o s e  t o  t h e  a c t u a l  
h i s t o r i c a l  time p a t h ,  t h e  summary s t a t i s t i c s  s t i l l  r e f e r  t o  i n d i v i d u a l  
e q u a t i o n s  w i t h i n  t h e  c o m p l e t e  sys tem.  No o v e r a l l  model v a l i d a t i o n  s t a t i s t i c  
c a n  b e  g e n e r a t e d ,  s o  t h a t  t h e  a c c e p t a n c e  o r  r e j e c t i o n  o f  a  p a r t i c u l a r  model 
is s t i l l  u l t i m a t e l y  a  l a r g e l y  s u b j e c t i v e  e x e r c i s e .  Thus, t h e  f a c t  t h a t  
some e q u a t i o n s  may n o t  g e n e r a t e  f a v o u r a b l e  summary s t a t i s t i c s  must be  
c o n s i d e r e d  i n  l i g h t  o f  t h e  i m p o r t a n c e  o f  t h o s e  e q u a t i o n s ,  and i n  r e l a t i o n  
t o  t h o s e  e q u a t i o n s  t h a t  do ,  b e f o r e  an  o v e r a l l  judgement c a n  b e  made. 
The g r a p h i c a l  and s t a t i s t i c a l  r e s u l t s  o b t a i n e d  from t h e  h i s t o r i c a l  
s i m u l a t i o n  a r e  r e p o r t e d  f u l l y  i n  Appendices V111 and IX r e s p e c t i v e l y . l l  
G r a p h i c a l l y  t h e  r e s u l t s  show t h a t  t h e  m a j o r i t y  o f  t u r n i n g p o i n t s  i n  t h e  
endogenous  d a t a  s e r i e s  was a l s o  g e n e r a t e d  by t h e  s i m u l a t i o n s .  P robab ly  
t h e  p o o r e s t  r e s u l t s  were o b t a i n e d  f o r  t h e  s h e e p  number v a r i a b l e s  where an  
i m p o r t a n t  t u r n i n g  p o i n t  i n  1977 was missed f o r  b r e e d i n g  ewe numbers,  and 
a  p e r s i s t e n t  gap was g e n e r a t e d  between t h e  a c t u a l  and p r e d i c t e d  l e v e l  o f  
b r e e d i n g  ewes o v e r  t h e  e n t i r e  s i m u l a t i o n  p e r i o d .  Because t h e  s i m u l a t i o n  
i s  dynamic and t h e  model s t r u c t u r e  is  r e c u r s i v e ,  p r e d i c t i o n  e r r o r s  t e n d  
t o  b e  accumulated over  time. When t h e  model is  used f o r  s i n g l e - p e r i o d  
f o r e c a s t i n g ,  t h i s  problem would n o t  a r i s e .  
S t a t i s t i c a l l y ,  Appendix IX shows t h a t  t h e  m a j o r i t y  o f  summary s t a t i s t i c s  
b 
(MAPE, U ,  r ,  and b )  a r e  a t  a c c e p t a b l e  l e v e l s .  A l l  T h e i l  U s t a t i s t i c s  a r e  
l e s s  t h a n  1 . 0 ,  and v e r y  few a r e  o v e r  0.3. Most o f  t h e  r and b  s t a t i s t i c s  
f a l l  w i t h i n  t h e  range  0.8 t o  1 . 2 .  The s t a t i s t i c  which s u g g e s t s  t h e  g r e a t e s t  
weakness  i n  t h e  model is t h e  MAPE. While t h e  m a j o r i t y  o f  MAPE S were around 
t h e  1 0  p e r  c e n t  l e v e l ,  many had v a l u e s  o v e r  50 p e r  c e n t  and up t o  600 p e r  
c e n t .  (One MAPE, f o r  t h e  e q u a t i o n  f o r  s t o c k s  h e l d  by t h e  Wool Board,  STWLBD, 
e q u a l l e d  12300 p e r  c e n t . )  While t h e s e  l e v e l s  o f  MAPE are v e r y  h i g h ,  c l o s e  
e x a m i n a t i o n  o f  t h e  e q u a t i o n s  f o r  which t h e y  have been e s t i m a t e d  r e v e a l  t h a t  
t h e  dependen t  v a r i a b l e s  i n  n e a r l y  e v e r y  c a s e  a r e  i n  f i r s t  d i f f e r e n c e s .  
Both t h e  MAPE and T h e i l  U s t a t i s t i c s  were developed assuming t h a t  t h e  
v a r i a b l e s  were i n  l e v e l s  and n o t  f i r s t  d i f f e r e n c e  form. Hawing t h e  v a r i a b l e s  
i n  f i r s t  d i f f e r e n c e s  p roduces  a  more s t r i n g e n t  c r i t e r i a  s i n c e  i t  is more 
d i f f i c u l t  t o  f o r e c a s t  t h e  change  i n  l e v e l s  t h a n  t o  p r e d i c t  t h e  a c t u a l  l e v e l s  
t h e m s e l v e s .  For example,  i n  a  y e a r  w i t h  a  v e r y  s m a l l  change i n  a  dependen t  
v a r i a b l e  even an a b s o l u t e l y  small e s t i m a t e d  change w i l l  p roduce  a  p e r c e n t a g e  
e r r o r  o f  l a r g e  magnitude.  The g r a p h i c a l  r e s u l t s  i n  Appendix V111 show t h a t  
i t  is c e r t a i n  y e a r s  i n  which t h e s e  c i r c u m s t a n c e s  p r e v a i l  t h a t  g e n e r a t e  t h e  
h i g h  a v e r a g e  p e r c e n t a g e  e r r o r  o v e r  t h e  s i m u l a t i o n  p e r i o d .  
I n  summary, t h e  h i s t o r i c a l  s i m u l a t i o n  r e s u l t s  show t h a t  t h e  model is  
a b l e  t o  produce a  t ime  p a t h  f o r  t h e  endogenous v a r i a b l e s  s i m i l a r  t o  t h a t  
l 1  A l l  v a r i a b l e  names r e p o r t e d  i n  t h e  Appendices are d e f i n e d  i n  Appendix XI. 
f rom which it  was e s t i m a t e d .  Given t h e  number o f  dynamic  l i n k a g e s  w i t h i n  
t h e  model ,  and  t h e r e f o r e  t h e  g r e a t  p o t e n t i a l  f o r  model s o l u t i o n s  t o  d i v e r g e  
away from t h e  a c t u a l  d a t a ,  t h e  h i s t o r i c a l  s i m u l a t i o n  r e s u l t s  a r e  e n c o u r a g i n g .  
Having r e p o r t e d  t h e  h i s t o r i c a l  s i m u l a t i o n  r e s u l t s ,  C h a p t e r  6 g o e s  on 
t o  d i s c u s s  t h e  g e n e r a t i o n  o f  e l a s t i c i t i e s  f o r  t h e  m o d e l ' s  endogenous  v a r i a b l e s  
i n  r e s p o n s e  t o  c h a n g e s  i n  a number o f  d i f f e r e n t  exogenous  v a r i a b l e s .  

CHAPTER 6  
MODEL V A L I D A T I O N  T H R O U G H  ELASTICITY ANALYSIS 
6 . 1  I n t r o d u c t i o n  
The a b i l i t y  o f  a  model t o  g e n e r a t e  a  t i m e  p a t h  f o r  i ts endogenous v a r i a b l e s  
which a r e  s i m i l a r  t o  t h e  o r i g i n a l  d a t a  is an i m p o r t a n t  tes t  o f  a  m o d e l ' s  
v a l i d i t y .  Chapter  5 o f  t h i s  r e p o r t  d i s c u s s e d  t h e  r e s u l t s  o f  such  a  t e s t  f o r  
t h e  p r e s e n t  model, and t h e  h i s t o r i c a l  s i m u l a t i o n  r e s u l t s  s u g g e s t  t h a t  t h e  
e s t i m a t e d  model is a  v a l i d  r e p r e s e n t a t i o n  o f  t h e  r e l a t i o n s h i p s  i n  t h e  p a s t o r a l  
s e c t o r .  U n f o r t u n a t e l y ,  t h e  h i s t o r i c a l  s i m u l a t i o n  approach is  a  r a t h e r  a  
t e c h n i c a l  form o f  v a l i d a t i o n ,  which does  n o t  e x p l i c i t l y  t e s t  b e h a v i o u r a l  
a s p e c t s  of  t h e  mode l ' s  s t r u c t u r e .  T h e r e f o r e ,  a  model may be v a l i d  i n  
t h e  s e n s e  t h a t  i t  can  r e p r o d u c e  t h e  endogenous d a t a  from which i t  was 
e s t i m a t e d ,  b u t  i f  i t  d o e s  n o t  r e spond  t o  changes  i n  exogenous v a r i a b l e s  
i n  a manner which would be  e x p e c t e d  a  p r i o r i ,  t hen  i t  may n o t  be  v a l i d  
i n  a  b e h a v i o u r a l  s e n s e .  . 
While t h e r e  is no c o n c l u s i v e  t e s t  o f  t h e  b e h a v i o u r a l  v a l i d i t y  o f  an  
economet r i c  model, a  c a r e f u l  a n a l y s i s  o f  t h e  m u l t i p l i e r s  p r o v i d e  u s e f u l  
i n f o r m a t i o n  abou t  t h e  r e s p o n s e  c h a r a c t e r i s t i c s  o f  t h e  comple te  model. 
T h i s  a n a l y s i s  i s  p a r t i c u l a r l y  i m p o r t a n t  where t h e  model i s  t o  b e  used i n  
p o l i c y  a n a l y s i s  a s  i t  t e s t s  a  m o d e l ' s  a b i l i t y  t o  r e f l e c t  t h e  e x p e c t e d  
r e s p o n s e s .  
The r e s t  o f  t h i s  c h a p t e r  d i s c u s s e s  t h e  b e h a v i o u r a l  a n a l y s i s  o f  t h e  
comple te  model. S e c t i o n  6 .2  d e s c r i b e s  t h e  methodology used t o  e s t i m a t e  
impac t  and long-run e l a s t i c i t i e s  u s i n g  s i m u l a t i o n  t e c h n i q u e s .  S e c t i o n  6 .3  
r e p o r t s  some o f  t h e  e l a s t i c i t i e s  and d i s c u s s e s  t h e i r  v a l i d i t y  i n  l i g h t  of  
t h e  expec ted  r e s p o n s e s .  
6 . 2  Methodoloqy 
The e l a s t i c i t i e s  o b t a i n e d  from t h e  model were d e r i v e d  u s i n g  s i m u l a t i o n  
t e c h n i q u e s .  The s i m u l a t i o n  approach  r e q u i r e s  t h e  e q u a t i o n  sys tem t o  have 
a t t a i n e d  a  s t a t i o n a r y  e q u i l i b r i u m  b e f o r e  an  exogenous shock t o  t h e  sys tem 
is induced .  Apar t  from t h e  one-per iod exogenous shock f o r  a - p a r t i c u l a r  
v a r i a b l e ,  a l l  o t h e r  exogenous v a r i a b l e s  a r e  h e l d  a t  a  c o n s t a n t  l e v e l  and 
t h e  model is t h e n  s i m u l a t e d  o v e r  a  time p e r i o d  long  enough f o r  t h e  e q u i l i -  
br ium l e v e l  of  t h e  endogenous v a r i a b l e  t o  be  a t t a i n e d .  For  e a c h  time p e r i o d  
s i m u l a t e d ,  any change i n  a n  endogenous v a r i a b l e  away from i ts e q u i l i b r i u m  
l e v e l  can  be  a t t r i b u t e d  t o  t h e  exogenous shock.  The change i n  t h e  endogenous 
v a r i a b l e  can  be  c o n v e r t e d i n t o  a n  e l a s t i c i t y  g i v e n  t h e  e q u i l i b r i u m  l e v e l  o f  
t h e  endogenous and exogenous v a r i a b l e .  The e f f e c t  o f  a  s u s t a i n e d  shock i n  
t h e  exogenous v a r i a b l e  can  b e  c a l c u l a t e d  u s i n g  t h e  p e r i o d  e l a s t i c i t i e s  
g e n e r a t e d  by a  one-off  exogenous shock.  The s u s t a i n e d  shock e l a s t i c i t y  f o r  
any p e r i o d  is s imply  t h e  c u m u l a t i v e  sum o f  e l a s t i c i t i e s  f o r  a  one-off  shock.  
P r a c t i c a l l y ,  t h e  most i m p o r t a n t  r e q u i r e m e n t  f o r  e l a s t i c i t y  g e n e r a t i o n  
is t h a t  o f  e n s u r i n g  a  s t a t i o n a r y  e q u i l i b r i u m  e x i s t s  b e f o r e  t h e  exogenous 
s h o c k  is g iven  t o  t h e  sys tem.  Unless  t h e  sys tem is s t a t i o n a r y ,  a l l  t h e  
change  i n  t h e  endogenous v a r i a b l e s  from t h e i r  b a s e  y e a r  l e v e l s  c a n n o t  be 
a t t r i b u t e d  t o  t h e  exogenous shock.  Given t h a t  t h e  d a t a  used t o  e s t i m a t e  
t h e  model must be  u t i l i s e d  i n  g e n e r a t i n g  e l a s t i c i t i e s ,  i t - i s  c l e a r  t h a t  
s i m p l y  choos ing  a  b a s e  y e a r  f o r  t h e  s i m u l a t i o n  from t h e  a c t u a l  d a t a  w i l J  
n o t  s a t i s f y  t h e  s t a t i o n a r y  assumpt ion .  There  is no r e a s o n  t o  assume t h a t  
a l l  t h e  endogenous v a r i a b l e s  i n  any p e r i o d  o f  a c t u a l  d a t a  w i l l  be  a t  s t e a d y -  
s t a t e  l e v e l s .  I f  t h e  o v e r a l l  model is s t a b l e ,  a  s e t  of  s t a b l e  endogenous 
d a t a  c a n  be  g e n e r a t e d  by h o l d i n g  a l l  exogenous v a r i a b l e s  c o n s t a n t  and 
s i m u l a t i n g  t h e  model o v e r  a  s u f f i c i e n t l y  l o n g  t i m e  p e r i o d .  The g e n e r a t e d  
d a t a  c a n  t h e n  be  used a s  a  b a s e  y e a r  f o r  s u b s e q u e n t  exogenous shocks .  
S i m u l a t i o n s  d e s i g n e d  a t  g e n e r a t i n g  t h e  s t e a d y - s t a t e  s e t  o f  endogenous 
d a t a  f o r  t h e  c u r r e n t  model r e v e a l e d  t h e  e s t i m a t e d  model t o  be i n h e r e n t l y  
u n s t a b l e .  The i n s t a b i l i t y  showed i t s e l f  i n  c o n t i n u o u s l y  growing s h e e p  
numbers and c o n t i n u o u s l y  d e c l i n i n g  beef  and d a i r y  c a t t l e  numbers, a l t h o u g h  
t h e s e  t r e n d s  o c c u r r e d  a t  s low r a t e s ,  e s p e c i a l l y  f o r  bee f  and d a i r y  c a t t l e .  l 
T h i s  outcome i s  n o t  unexpec ted ,  and Chow (1975; p.104) shows how models 
w i t h  f i r s t  d i f f e r e n c e d  dependen t  v a r i a b l e s  a r e  i n h e r e n t l y  u n s t a b l e .  
To overcome t h e  problem o f  i n s t a b i l i t y ,  and t h e  l a c k  o f  a  s t a b l e  s t a t e  
s o l u t i o n ,  an  approx imat ion  t o  a  s t a b l e  s t a t e  i s  u t i l i s e d .  Two s i m u l a t i o n s  
a r e  u n d e r t a k e n ,  t h e  f i r s t  w i t h o u t  any exogenous shock ,  g e n e r a t i n g  t h e  
( u n s t a b l e )  t ime  p a t h s  d e s c r i b e d  above.  The second s i m u l a t i o n  r u n  i n c l u d e s  
Compound r a t e  o f  growth f o r  b r e e d i n g  ewe f l o c k  was l e s s  t h a n  3 p e r  c e n t ,  
p e r  annum and f o r  beef  and d a i r y  c a t t l e  l e s s  t h a n  1 p e r  c e n t .  
a  one-off  exogenous shock.  E l a s t i c i t i e s  can t h e n  be c a l c u l a t e d  from t h e  
d i f f e r e n c e  between t h e  t ime  p a t h s  o f  t h e  two s i m u l a t i o n s .  O f  c o u r s e ,  t h e s e  
e l a s t i c i t i e s  w i l l  t hemse lves  e x h i b i t  a  d e g r e e  o f  i n s t a b i l i t y ,  hence t h e  
c o n c e p t  o f  a  long-run s t a b l e  e l a s t i c i t y  i s  n o t  d e f i n e d .  A s  an  approx imat ion  
t o  t h e  long-run e l a s t i c i t i e s ,  t h e  p e r i o d  e l a s t i c i t y  t e n  y e a r s  a f t e r  t h e  
exogenous shock i s  taken  a s  r e p r e s e n t i n g  t h e  long-run e l a s t i c i t y .  
E l a s t i c i t i e s  have been g e n e r a t e d  f o r  e i g h t  major exogenous v a r i a b l e s .  
F i v e  o f  t h e s e  v a r i a b l e s  r e l a t e  t o  t h e  p r i c e s  r e c e i v e d  by f a r m e r s  f o r  farm 
o u t p u t  ( i . e .  wool,  lamb, mut ton,  b e e f  and m i l k f a t  p r i c e s ) .  The o t h e r  t h r e e  
v a r i a b l e s  a r e  f e r t i l i s e r  p r i c e s ,  t h e  market  r a t e  o f  i n t e r e s t ,  and d a y s  of 
s o i l  m o i s t u r e  d e f i c i t .  Although e a c h  exogenous v a r i a b l e  is a n a l y s e d  i n  a  
s e p a r a t e  s i m u l a t i o n ,  each s i m u l a t i o n  i n v o l v e d  shock ing  n o t  o n l y  t h e  p a r t i -  
c u l a r  exogenous v a r i a b l e ,  b u t  a l s o  o t h e r  exogenous v a r i a b l e s  which a r e  
g e n e r a t e d  from o r  r e l a t e d  t o  t h e  p a r t i c u l a r  v a r i a b l e .  Thus, changes  i n  
f a rm-ga te  p r i c e s  were assumed t o  c a u s e  changes  i n  r e t a i l  p r i c e s ,  e x p o r t  
u n i t  v a l u e s ,  a s  w e l l  a s  t h e  a s s e t  r e t u r n s  o f  t h e  p o r t f o l i o  model which , 
i n c l u d e  f a r m e r s '  t e rms  o f  t r a d e .  An i n c r e a s e  i n  t h e  market  r a t e  o f  i n t e r e s t  
was a l s o  assumed t o  l e a d  t o  i n c r e a s e d  c a p i t a l  s e r v i c e  p r i c e s .  
6 . 3  E l a s t i c i t y  E s t i m a t e s  
6 . 3 . 1  I n t r o d u c t i o n  
The e l e v e n  t a b l e s o f  Appendix X summarise t h e  e l a s t i c i t i e s  g e n e r a t e d  
by s i m u l a t i n g  t h e  model sys tem.  I n  o r d e r  t o  o u t l i n e  t h e  t r a n s m i s s i o n  o f  
r e s p o n s e  from exogenous p r i c e  c h a n g e s ,  th rough  l i v e s t o c k  numbers ,p roduc t ion ,  
and o n t o  p a s t o r a l  e x p o r t s ,  t h e  wool p r i c e  s i m u l a t i o n  r e s u l t s  a r e  
p r e s e n t e d  f i r s t  i n  some d e t a i l .  Fo l lowing  t h i s ,  some o f  t h e  i m p o r t a n t  
r e s u l t s  g e n e r a t e d  by o t h e r  exogenous  changes  w i l l  be h i g h l i g h t e d .  
6 .3 .2  Impact o f  Chanqinq Wool P r i c e s  
The impac t  and l o n g  run e l a s t i c i t i e s  which were d e r i v e d  from a  s i m u l a t i o n  
o f  i n c r e a s i n g  farm-gate wool p r i c e s  a r e  p r e s e n t e d  i n  Tab les  2 1  th rough  24. 
The t a b l e s  summarise t h e  r e s p o n s e  o f  t h e  v a r i a b l e s  which a r e  c o n s i d e r e d  t o  
be  t h e  most i m p o r t a n t .  From Tab le  2 1  i t  can  be  s e e n  t h a t  i n  t e r m s  o f  l i v e -  
s t o c k  numbers,  a  1 p e r  c e n t  i n c r e a s e  i n  t h e  wool p r i c e  i n c r e a s e s  s h e e p  f l o c k  
s t o c k  u n i t s  by 1.10 p e r  c e n t  i n  t h e  long- run ,  b u t  r e d u c e s  t h e  beef  and 
d a i r y  c a t t l e  h e r d s  by 0.29 and 0 .18 p e r  c e n t  r e s p e c t i v e l y .  
TABLE 2 1  
Response o f  L i v e s t o c k  Numbers and P r o d u c t i o n  
To A One Per  c e n t  R i se  I n  The Averaqe Farm-gate Wool P r i c e  
V a r i a b l e  Impact Long-Run 
(74) ( 7; ) 
L i v e s t o c k  Numbers 
KSP - Sheep 0.02 1 . 1 0  
KBF - Beef C a t t l e  0.00 -0.29 
KDY - Dai ry  C a t t l e  -0.09 -0.18 
L i v e s t o c k  P r o d u c t i o n  
QW - Wool 
QL - Lamb 
QM - Mutton 
QBF - Beef 
QMLKFHD - M i l k f a t  p e r  S . U .  
QMLKF - T o t a l  M i l k f a t  0.00 0 .10 
Source:  Appendix X ,  Tab les  1 and 2  
The s h o r t - r u n  e f f e c t s  o f  t h e  wool p r i c e  i n c r e a s e  a r e  s m a l l  i n  t e r m s  o f  
l i v e s t o c k  p r o d u c t i o n ,  w i t h  wool p r o d u c t i o n  i n c r e a s i n g  by 0.05 p e r  c e n t ,  
mutton p r o d u c t i o n  by 0 .01 p e r  c e n t ,  and lamb p r o d u c t i o n  0 .07 p e r  c e n t .  
Beef and m i l k f a t  p r o d u c t i o n  a reunchanged .  Over t h e  long-run,  a d j u s t m e n t s  
i n  t h e  s h e e p  f l o c k  and beef  he rd  f a c i l i t a t e  more s i g n i f i c a n t  changes  i n  
o u t p u t  c o m p o s i t i o n ,  w i t h  wool p r o d u c t i o n  i n c r e a s i n g  by 1 .38  p e r  c e n t  and 
bee f  p r o d u c t i o n  d e c l i n i n g  by 0 .35 p e r  c e n t .  S i n c e  t h e  h i g h e r  b r e e d i n g  ewe 
f l o c k  p r o d u c e s  lamb and mutton a s  well a s  wool,  t h e  long-run s e e s  a  0.80 
p e r  c e n t  growth i n  mutton p r o d u c t i o n ,  and a  1 .28 p e r  c e n t  i n c r e a s e  i n  lamb 
p r o d u c t i o n .  M i l k f a t  p r o d u c t i o n  a l s o  i n c r e a s e s  i n  t h e  long- run ,  i n  s p i t e  o f  
t h e  0.19 p e r  c e n t  d e c l i n e  i n  cow numbers. T h i s  o c c u r s  because  t h e  d e c l i n e  
i n  cow numbers i n c r e a s e s  t h e  amount o f  d a i r y  farm c a p i t a l  devo ted  t o  i n d i v i -  
d u a l  cows. The m i l k f a t  p e r  head e q u a t i o n  is p o s i t i v e l y  i n f l u e n c e d  by r i s i n g  
c a p i t a l  i n v e s t m e n t  p e r  head,  t h u s ,  t h e  i n c r e a s e d  wool p r i c e  is found t o  
c a u s e  m i l k f a t  p e r  head t o  i n c r e a s e ,  by 0.29 p e r  c e n t ,  which s l i g h t l y  o u t -  
weighs t h e  o v e r a l l  d e c l i n e  i n  cow numbers. 
Higher  wool p r i c e s  and sheep  f l o c k  p r o d u c t i o n  g e n e r a t e  a  0 .38 p e r  c e n t  
r i s e  i n  g r o s s  s h e e p  and bee f  farm income i n  t h e  s h o r t - r u n ,  and a  1 .10  p e r  c e n t  
l ong - run  inc rease .  Table 22 below a l s o  shows t h a t  t h e  bee f  component o f  gross 
income d e c l i n e s  by 0.19 per  cen t .  
TABLE 22 
Response o f  Sheep and Beef  Farm Income and Expend i tu re  
To A One Per cen t  R ise  I n  Averaqe Farm-Gate Wool P r i c e  
V a r i a b l e  Impact Long-Run 
Gross Income 
MWBGYW - Wool 
MMBGYS - Sheepmeats 
MWBGYB - Beef 
MWBGY - T o t a l  
Expend i tu re  
MWBFERT - F e r t i l i s e r  
MWBRM - Repa i rs  and Maintenance 
MWBINT - I n t e r e s t  
MWBND - Other 
MWBCE - T o t a l  
MWBCNY - Income 
Source: Appendix X, Table 4 
F e r t i l i s e r ,  and r e p a i r s  and maintenance a r e  t h e  most income s e n s i t i v e  
expend i t u re  c a t e g o r i e s  i n c r e a s i n g  0.84 and 1.81 per  cen t  r e s p e c t i v e l y  i n  t h e  
l o n g  run .  
Given t h e  n e t  income a v a i l a b l e  f o r  c a p i t a l  asset  purchase and drawings, 
Table 23 shows t h a t  farm purchase i s  by f a r  t he  most s e n s i t i v e  t o  t he  s h o r t -  
r u n  change i n  n e t  income a v a i l a b i l i t y  and t h e  inc reased  p r o f i t a b i l i t y  o f  
on-farm c a p i t a l  investment .  I n  t h e  long-run,  t h e  g e n e r a l l y  h i g h e r  l e v e l  
o f  a v a i l a b l e  income con t i nues  t o  encourage farm purchase. It shou ld  be 
no ted  however, t h a t  t h i s  v a r i a b l e  measures t h e  number o f  farm t r a n s a c t i o n s  
r a t h e r  than  t h e  funds devoted t o  farm purchase, and i s  t hus  expressed i n  
d i f f e r e n t  u n i t s  than  t h e  o t h e r  v a r i a b l e s .  
Off-farm investment  i s  i nc reased  0.16 per  c e n t  i n  t h e  s h o r t - r u n  b u t  
reduced 0.72 p e r  c e n t  i n  t h e  l ong - run  as t h e  growth i n  o t h e r  asse t  l e v e l s  
d i v e r t s  funds o u t  o f  o f f - f a r m  inves tment  areas. 
TABLE 23 
Response  o f  E x p e n d i t u r e  on P o r t f o l i o  Assets and Drawinqs 
on Sheep and Beef  Farms 
To A One Pe r  c e n t  Rise i n  t h e  Average  Farm-Gate Wool P r i c e  
V a r i a b l e  Impact  Long-Run 
MWBDW - Drawings  
P o r t f o l i o  Assets 
MWBINV - Off- farm I n v e s t m e n t  
FMPRSE - Farm P u r c h a s e  
Gross  C a p i t a l  I n v e s t m e n t  
GIBSB - B u i l d i n g s  
GIPMVSB - P l a n t ,  Machinery ,  V e h i c l e s  
GILSB - Land Development 
GISB - T o t a l  
MWBTLB - L i a b i l i t i e s  
Source :  Appendix X, T a b l e  5. 
C a p i t a l  i n v e s t m e n t  i n  p l a n t ,  mach ine ry  and v e h i c l e s  is  t h e  most  r e s p o n s i v e  
c a p i t a l  t y p e  t o  s h o r t - r u n  income c h a n g e s ,  and  i n c r e a s e s  by 0 .24  p e r  c e n t  i n  
t h e  s h o r t - r u n .  Land development  i n v e s t m e n t  however,  h a s  by f a r  t h e  l a r g e s t  
l ong- run  e l a s t i c i t y ,  1 . 3 8  p e r  c e n t .  T h i s  o c c u r s  i n  s p i t e  o f  t h e  e s t i m a t i o n  
r e s u l t s  showing t h a t  l a n d  development  is n e g a t i v e l y  i n f l u e n c e d  by t h e  o v e r a l l  
l e v e l  o f  income.  The r e a s o n  f o r  t h e  g r o w t h  i n  l a n d  development  e x p e n d i t u r e  
is found  i n  t h e  p o s i t i v e  e f f e c t  l a n d  p u r c h a s e  h a s  on l a n d  deve lopmen t  expen- 
d i t u r e .  A l so ,  t h e  f a c t  t h a t  t o t a l  l i a b i l i t i e s  d e c l i n e  by 0 . 1 1  p e r  c e n t  
r e d u c e s  t h e  n e g a t i v e  i n f l u e n c e  o f  d e b t  on f u r t h e r  l a n d  deve lopmen t .  
A f t e r  f a rm p u r c h a s e  and l a n d  d e v e l o p m e n t ,  d r a w i n g s  have  t h e  n e x t  h i g h e s t  
s h o r t  and  long- run  e l a s t i c i t i e s  i n  r e s p o n s e  t o  t h e  wool p r i c e  i n c r e a s e .  
I n  terms o f  d o m e s t i c  consumpt ion  o f  p a s t o r a l  fa rm o u t p u t ,  t h e  h i g h e r  
wool p r i c e  p r o d u c e s  s i g n i f i c a n t  e f f e c t s  o n l y  i n  t h e  long- run ,  and t h e n  o n l y  
t o  m u t t o n ,  lamb,  and  wool consumpt ion .  I n c r e a s e s  i n  meat consumpt ion  
o c c u r  a l o n g  w i t h  a  rise i n  t o t a l  meat  p r o d u c t i o n  and s t o c k s  h e l d .  T a b l e  24 
shows t h a t  mu t ton  s t o c k s ,  which p o s i t i v e l y  i n f l u e n c e  d o m e s t i c  m u t t o n  consump- 
t i o n ,  r i se  by 1 . 4 1  p e r  c e n t  i n  t h e  long- run .  Lamb consumpt ion  rises by 
TABLE 24 
Response o f  Meat and Wool Stocks and Expor ts  
To A One Per cen t  Rise I n  The Average Farm-Gate Wool P r i c e  
V a r i a b l e  Impact Long-Run 
Consumption 
CBV - Beef 
CLB - Lamb 
CMN - M u t t o n  
CWOOL - Wool 
Stocks 
STBV - Beef 
STLB - Lamb 
STMN - Mut ton 
STWLBD - Wool 
Expo r t  Volume 
BVX - Beef 
LBX - Lamb 
MNX - Mut ton 
WOOLX - Wool 
Expo r t  Value 
VWOOLX - Wool 
VPASTX - A l l  P a s t o r a l  
- -p- - - p - - -- pp 
Source: Appendix X, Tables 9, 10, 11 
1.56 p e r  c e n t  i n  t h e  long- run  i n  response t o  t h e  1.28 per  cen t  i n c r e a s e  i n  
lamb p roduc t i on .  
Table 24 shows t h a t  s t ocks  o f  a l l  sheep f l o c k  p roduc ts  r i s e  by ove r  
1 p e r  c e n t  i n  t h e  long-run.  Beef s tocks  d e c l i n e  i n  l i n e  w i t h  t h e  d e c l i n e  
i n  b e e f  p roduc t i on .  The s h o r t - r u n  e f f e c t  o f  t h e  i n c r e a s i n g  wool p r i c e  i s  
t o  reduce wool s t ocks  by 0.65 pe r  cen t ,  a l l o w i n g  t h e  volume o f  wool e x p o r t s  
t o  r i s e  by 0.16 per  c e n t  i n  t h e  sho r t - r un .  The f a c t  t h a t  b o t h  domest ic wool 
consumption and wool s t ocks  a r e  ve ry  respons ive  i n  t h e  long- run  t o  h i g h e r  
wool  p r i c e s  (1.67 and 2.20 per  c e n t  i nc reases  r e s p e c t i v e l y )  r e s t r i c t s  t h e  
l ong - run  e l a s t i c i t y  f o r  t h e  volume o f  wool e x p o r t s  t o  a compara t i ve ly  s m a l l  
1.41 p e r  cen t .  I n  va lue  terms however, t h e  i nc rease  i n  t h e  u n i t  va lue  f o r  
wool e x p o r t s  i n  a s s o c i a t i o n  w i t h  t h i s  volume i n c r e a s e  g e n e r a t e s  a  2.58 p e r  c e n t  
i n c r e a s e  i n  t h e  v a l u e  o f  wool e x p o r t s .  Combined w i t h  t h e  r e d u c t i o n  i n  b e e f  
e x p o r t s  and r i s e  i n  sheepmeats  (and d a i r y )  e x p o r t s ,  t h e  long-run v a l u e  o f  t o t a l  
p a s t o r a l  e x p o r t s  r i s e s  by 0.96 p e r  c e n t .  
In  summary, t h e  e l a s t i c i t i e s  g e n e r a t e d  by a  1 p e r  c e n t  change i n  wool . 
r e t u r n s  show a  p r i o r i  c o n s i s t e n t  b e h a v i o u r a l  r e s p o n s e s  th roughout  t h e  model. 
The c o n s i s t e n c y  o f  r e s p o n s e  t o  o t h e r  exogenous  v a r i a b l e  shocks  can a l s o  b e  
i n v e s t i g a t e d  by f o l l o w i n g  t h e  a p p r o p r i a t e  shock t h r o u g h  t h e  t a b l e s  ~ e p o r t e d  
i n  Appendix X. 
6 .3 .3  E f f e c t s  o f  Chanqes i n  Other  V a r i a b l e s  
Although most o f  t h e  exogenous s h o c k s  produced e l a s t i c i t i e s  t h a t  v a l i -  
d a t e d  t h e  model from a  b e h a v i o u r a l  p o i n t  o f  v iew,  b o t h  t h e  f e r t i l i s e r  p r i c e  
and market  r a t e  o f  i n t e r e s t  s h o c k s  were n o t  c o m p l e t e l y  s a t i s f a c t o r y .  A r i s e  
i n  t h e  fe r t i l i se r  p r i c e ,  because  it c a u s e s  a  r e d u c t i o n  i n  e x p e n d i t u r e  on 
. 
f e r t i l i s e r ,  a l s o  i n c r e a s e s  t h e  amount o f  n e t  income a v a i l a b l e  f o r  e x p e n d i t u r e  
on d rawings  and p o r t f o l i o  a s s e t s .  Given t h e  i n c r e a s e  i n  e x p e n d i t u r e  on some 
p o r t f o l i o  a s s e t s ,  n o t a b l y  l a n d  development ,  s t o c k  numbers and p r o d u c t i o n  from 
t h e  p a s t o r a l  s e c t o r  r i s e .  
Unless  t h i s  r e s p o n s e  is i n d i c a t i n g  a v e r y  low marg ina l  p r o d u c t i v i t y  o f  
income s p e n t  on maintenance f e r t i l i s e r  i n  r e l a t i o n  t o  income s p e n t  on l a n d  
development ,  i t  would a p p e a r  t o  be i n c o n s i s t e n t  w i t h  a  p r i o r i  e x p e c t a t i o n s .  
One way t o  overcome t h i s  a p p a r e n t  problem might  b e  t o  n o t  o n l y  shock t h e  
f e r t i l i s e r  p r i c e  b u t  a l s o  p r i c e s  p a i d  by f a r m e r s  and c a p i t a l  p r i c e  i n d i c e s .  
T h i s  would e f f e c t i v e l y  l o ~ e r  e a l  p r o d u c t  p r i c e s  and r e t u r n s  t o  p o r t f o l i o  
a s s e t s .  These i n d i c e s  would n o t  be  shocked by t h e  same p r o p o r t i o n  a s  t h e  
f e r t i l i s e r  p r i c e ,  b u t  b y  t h e  p r o p o r t i o n  by which t h e  f e r t i l i s e r  p r i c e  
c o n t r i b u t e s  t o  t h e  p a r t i c u l a r  index .  
The shock g i v e n  t o  t h e  market  r a t e  o f  i n t e r e s t  a l s o  produced long- run  
i n c r e a s e s  i n  b o t h  l i v e s t o c k  numbers and p r o d u c t i o n .  A p r i o r i ,  i t  was 
expec ted  t h a t  h i g h e r  market  r a t e s  o f  i n t e r e s t  would i n c r e a s e  s e r v i c e  p r i c e s  
f o r  c a p i t a l  a s s e t s  and hence make on-farm c a p i t a l  i n v e s t m e n t  l e s s  a t t r a c t i v e .  
Fo l lowing  d e c r e a s e s  i n  on-farm i n v e s t m e n t  l i v e s t o c k  numbers would b e g i n  
f a l l i n g  a s  t h e  c a r r y i n g  c a p a c i t y  o f  farm l a n d  f e l l .  Also ,  h i g h e r  market  
i n t e r e s t  r a t e s  would make o f f - f a r m  i n v e s t m e n t  more a t t r a c t i v e ,  d i v e r t i n g  
funds away f rom c a p i t a l  development. Apar t  f rom these e f f e c t s  on asse t  
r e t u r n s ,  a  d i r e c t  income e f f e c t  on inves tment  was expected as h i g h e r  i n t e r e s t  
r a t e s  i nc reased  i n t e r e s t  payments o u t  o f  c u r r e n t  income. 
Table 25 shows t h a t  i n  t h e  s h o r t  run,  some o f  these expec ta t i ons  were 
f u l f i l l e d .  Fo r  sheep and bee f  farms l a n d  development investment  dec l i ned ,  
so i n i t i a l l y  a t  l e a s t  s t ock  numbers were n e g a t i v e l y  ~ n f l u e n c e d .  T o t a l  l i a b l l -  
i t i e s  a l s o  d e c l i n e d  due t o  h i ghe r  deb t  charges. Unexpectedly, o f f - f a r m  
inves tment  on sheep and beef farms d e c l i n e d  as market i n t e r e s t  r a t e s  rose.  
I n  t h e  es t ima ted  model market i n t e r e s t  r a t e s  p o s i t i v e l y  i n f l u e n c e  o f f - f a r m  
inves tment  th rough  t h e  v a r i a b l e  r e p r e s e n t i n g  t h e  r e t u r n  t o  o f f - f a r m  inves tment .  
However, a  n e g a t i v e  and s t r onge r  i n f l u e n c e  on o f f - f a r m  investment  i s  f e l t  
th rough  t h e  c o s t  o f  debt  v a r i a b l e  which a l s o  inc reased  when market i n t e r e s t  
r a t e s  rose.  
TABLE 25 
Response o f  P o r t f o l i o  Asset t o  A One Per cen t  . 
Inc rease  I n  The Market Rate o f  I n t e r e s t  
Va r i ab le  Impact Long-Run 
Sheep and Beef  Farms 
MWBCANY - A v a i l a b l e  Net Income 
MWBDW - Drawings 
MWBINV - Off-Farm Investment 
FMPRSE - Farm Purchase 
GIBSB - B u i l d i n g  Investment 
GIPMVSB - P l a n t ,  Machinery, Veh ic les ,  Investment  
GILSB - Land Development Investment  
MWBTLB - L i a b i l i t i e s  
D a i r y  Farms 
DBCANY - A v a i l a b l e  Net Income 
DBINVST - Off-Farm Investment  
DFMPRSE - Farm Purchase 
GIBDY - B u i l d i n g  Investment 
GIPMVDY - P l a n t ,  Machinery, Veh ic les ,  Investment  
GILDY - Land Development Investment  
DBTLB - L i a b i l i t i e s  
(X) 
Source: Appendix X, Tables 4, 5, 6, 7. 
The r e a s o n  f o r  t h e  long- run  p o s i t i v e  e f f ec t  o f  h i g h e r  marke t  i n t e r e s t  
r a t e s  on l i v e s t o c k  numbers and  p r o d u c t i o n  would a p p e a r  t o  b e  d u e  t o  t h e  
r e d u c t i o n  o f  t o t a l  l i a b i l i t i e s  and t h e  i n c r e a s e  i n  fa rm p u r c h a s e .  T o g e t h e r ,  
t h e s e  c h a n g e s  e x e r t  s t r o n g  p o s i t i v e  e f f e c t s  on l a n d  deve lopmen t ,  r e v e r s i n g  
t h e  i n i t i a l  r e d u c t i o n  i n  l a n d  deve lopmen t  c a p i t a l .  Land p u r c h a s e  i n c r e a s e s  
by 3.57 p e r  c e n t  i n  t h e  l o n g - r u n ,  i n  s p i t e  o f  t h e  i n i t i a l  d e c l i n e  i n  a v a i l -  
a b l e  n e t  income o f  0.36 p e r  c e n t .  Given  t h e  r e s p o n s i v e n e s s  o f  f a rm p u r c h a s e  
t o  a v a i l a b l e  n e t  income t h i s  income r e d u c t i o n  h a s  a s t r o n g  n e g a t i v e  i n f l u e n c e  
on f a rm p u r c h a s e .  However, farm p u r c h a s e s  i n c r e a s e  b e c a u s e  h i g h e r  m a r k e t  
i n t e r e s t  r a t e s  r e d u c e  t h e  r e t u r n  t o  on-farm c a p i t a l  r e l a t i v e  t o  fa rm p u r c h a s e  
r e t u r n s  which are h e l d  c o n s t a n t .  P u t  a n o t h e r  way, r e d u c i n g  t h e  p r o f i t a b i l i t y  
o f  c a p i t a l  i n v e s t m e n t  n o t  o n l y  makes farm p u r c h a s e  a p p a r e n t l y  more p r o f i t a b l e ,  
b u t  a l s o  i n c r e a s e s  t h e  p r o p o r t i o n  o f  a v a i l a b l e  n e t  income se t  a s i d e  f o r  f a rm 
p u r c h a s e .  I t  is r e c o g n i s e d  t h a t  t h e  assumed i n d e p e n d e n c e  be tween r e t u r n s  
t o  on-farm c a p i t a l  i n v e s t m e n t  and r e t u r n s  t o  f a rm p u r c h a s e  is a  ma jo r  
d e t e r m i n a n t  o f  t h i s  r e s u l t .  A p r i o r i ,  much s t r o n g e r  l i n k s  be tween t h e  two 
r e t u r n s  would b e  r e c o g n i s e d .  Hence, f u r t h e r  a n a l y s i s  u s i n g  t h e  model t h a t  
i n v o l v e d  a l t e r i n g  i n t e r e s t  r a t e s  s h o u l d  a l s o  e n t a i l  a n  a d j u s t m e n t  i n  r e t u r n s  
t o  l a n d  p u r c h a s e .  
A p a r t  from t h e  f e r t i l i s e r  p r i c e  and m a r k e t  r a t e  o f  i n t e r e s t ,  a l l  o t h e r  
exogenous  s h o c k s  pe r fo rmed  on t h e  model g a v e  r e s u l t - S  c o n s i s t e n t  w i t h  
a p r i o r i  e x p e c t a t i o n s .  The f o l l o w i n g  c h a p t e r  s e e k s  t o  summarise  t h e  
main c o n c l u s i o n s  and i m p l i c a t i o n s  a r i s i n g  from t h e s e  s i m u l a t i o n s  and  t h e  




The objectives of the finalchapters of this report were to test the 
validity of the complete model through simulation techniques. To this end, 
simulations were undertaken testing the ability of the model to reproduce 
its own time path over the period in which it was estimated. In addition 
to this, the behavioural response of the model to changes in important 
exogenous variables were also analysed. The results obtained suggest that 
the econometric model developed in this study is able to describe the pastoral 
livestock sector's structure and behaviour with a relatively high degree of 
accuracy. Though the model has not been tested by generating forecasts out- 
side the estimation period, some comments can be made about the likely out- 
come of such,forecasts from the behavioural elasticities generated and 
discussed in Chapter 6. Section 7.2 suggests some general implications, 
which arise from the elasticity analysis, before an overall conclusion to 
this report is presented in section 7.3 
7.2 Implications From the Elasticity Analysis For Aqricultural Policy 
Perhaps the most clear-cut implication of the elasticity analysis for 
agricultural policy is the recognition that the effects of policy are 
ubiquitous throughout the pastoral sector. Policy instruments targeted 
on particular variables in the system indirectly affect every other variable, 
sometimes immediately, but more often over the longer term. An obvious 
illustration of this point can be seen in the effect of changes in farm-gate 
prices, which may be supported in order to maintain farm incomes. Since 
it is difficult not to alter market-determined relativities between farm 
enterprises when income support is achieved through price policy, the impact 
of such policy is also seen in the composition of livestock held on pastoral 
farms and therefore in the longer run, the production from these livestock. 
The elasticities also reveal strong competition between the sheep and beef, 
and dairy components of the pastoral livestock sector, so that policies 
directed specifically at either component will certainly indirectly affect 
the competitive enterprise. 
Though t h e  e f f e c t s  o f  a g r i c u l t u r a l  p o l i c y  on l i v e s t o c k  numbers and 
farm p r o d u c t i o n  from c o m p e t i t i v e  e n t e r p r i s e s  a r e i n h e r e n t l y  s p r e a d  o v e r  t h e  
l o n g e r  t e rm,  t h e  e f f e c t s  o f  t h e s e  p o l i c i e s  on farm incomes and e x p e n d i t u r e  
a r e  moreimmediate.  C u r r e n t  e x p e n d i t u r e ,  e s p e c i a l l y  on f e r t i l i s e r  and 
r e p a i r s  and main tenance ,  is s e n s i t i v e  t o  changes  i n  g r o s s  income. A s  a  
consequence,  n e t  income t e n d s  t o  be  more s e n s i t i v e  t h a n  g r o s s  income t o  
p r i c e  changes .  
The u b i q u i t o u s  e f f e c t s  o f  a g r i c u l t u r a l  p o l i c y  a r e  a l s o  c l e a r l y  s e e n  
i n  t h e  s h o r t  and long-run e f f e c t s  o f  changes  i n  farm-gate  p r i c e s  and i n t e r e s t  
r a t e s  on t h e  c o m p o s i t i o n  o f  c a p i t a l  a s s e t s  h e l d  on p a s t o r a l  farms.  These 
p r i c e  and i n t e r e s t  r a t e  changes  a f f e c t  b o t h  t h e  a v a i l a b i l i t y  o f  f u n d s  f o r  
c a p i t a l  i n v e s t m e n t ,  and t h e  p r o f i t a b i l i t y  o f  i n v e s t m e n t  i n  p a r t i c u l a r  
a s s e t s .  Inves tment  i n  a  p a r t i c u l a r  a s s e t  is  i n f l u e n c e d  n o t  o n l y  by t h e  
p r o f i t a b i l i t y  o f  i n v e s t m e n t  i n  t h a t  a s s e t ,  b u t  a l s o  by t h e  p r o f i t a b i l i t y  
o f  inves tment  i n  e v e r y  o t h e r  a s s e t s .  The c u r r e n t  a s s e t  p o r t f o l i o  h e l d  
is an a d d i t i o n a l  c o n s t r a i n t  on c u r r e n t  i n v e s t m e n t  s i n c e  inves tment  i n  
some a s s e t s  c o n s t r a i n s  t h e  f l e x i b i l i t y  o f  i n v e s t m e n t  c h o i c e  i n  s u b s e q u e n t  
y e a r s .  Thus, i n  t h e  s h o r t - r u n ,  t h e  e f f e c t  o f  h i g h e r  p r i c e s  on c a p i t a l  
inves tment  is l a r g e l y  income r e l a t e d ,  s o  t h a t  more e a s i l y  a c q u i r e d  a s s e t s  
such  a s  p l a n t  and mach inery ,  and o f f - fa rm i n v e s t m e n t  a r e  bought .  Farm 
purchase  a c t i v i t y  is  a l s o  ve ry  income dependen t .  I n  t h e  l o n g e r - r u n ,  more 
p r o d u c t i v e  a s s e t s  ( i n  terms o f  o u t p u t )  a r e  a c q u i r e d  due  t o  t h e i r  h i g h e r  
p r o f i t a b i l i t y ,  and t h e  f a c t  t h a t  i n i t i a l  i n v e s t m e n t  d e c i s i o n s  o f t e n  d e t e r m i n e  
subsequen t  i n v e s t m e n t  i n  t h e s e  a s s e t s .  The s t r o n g  e f f e c t  o f  farm p u r c h a s e  
on l a n d  development e x p e n d i t u r e  i s  a  good example  o f  t h i s .  Again, t h i s  
t y p e  o f  e f f e c t  i s  e s s e n t i a l l y  long-run i n  n a t u r e .  These i n t e r - r e l a t i o n s h i p s  
between v a r i o u s  c a t e g o r i e s  o f  a s s e t  a r e  a n  i m p o r t a n t  c o n t r i b u t i o n  t o  under-  
s t a n d i n g  t h e  long-run e f f e c t s  o f  changes  i n  farm incomes and p r o f i t a b i l i t y ,  
whether  o r i g i n a t i n g  from t h e  market  o r  p o l i c y  i n s t r u m e n t s .  
7.3 Conc lus ion  
T h i s  r e p o r t  h a s  been s e l e c t i v e  i n  i ts  p r e s e n t a t i o n  o f  v a l i d a t i o n  r e s u l t s  
g e n e r a t e d  by t h e  h i s t o r i c a l  s i m u l a t i o n  and e l a s t i c i t y  a n a l y s i s .  Obvious ly ,  
t h e  volume o f  s t a t i s t i c a l  r e s u l t s  g e n e r a t e d  p r e c l u d e s  a  d e t a i l e d  d i s c u s s i o n  
o f  each s i m u l a t i o n  u n d e r t a k e n .  I n  s p i t e  o f  t h i s ,  t h e  r e s u l t s  p r e s e n t e d  
i n d i c a t e  t h a t  t h e  e c o n o m e t r i c  model was a  s a t i s f a c t o r y  r e p r e s e n t a t i o n  o f  t h e  
p a s t o r a l  l i v e s t o c k  s e c t o r .  However, t h e  g e n e r a t i o n  o f  e l a s t i c i t i e s  i s  t o  a  
c e r t a i n  e x t e n t  a n  a r t i f i c i a l  t e s t  o f  a m o d e l ' s  b e h a v i o u r ,  s i n c e  t h e  a c t u a l  
e n v i r o n m e n t  wh ich  t h e  model r e p r e s e n t s  is  n e v e r  s t a b l e ,  and  exogenous  v a r i a b l e s  
t e n d  t o  move t o g e t h e r  and  n o t  i n d e p e n d e n t l y .  T h e r e f o r e ,  t h e  l o g i c a l  a v e n u e  
f o r  f u r t h e r  a n a l y s i s  u s i n g  t h e  model is i n  t h e  a r e a  o f  f o r e c a s t i n g  and  p o l i c y  
s i r n u l a t i o n s ,  a l l o w i n g  a l l  exogenous  v a r i a b l e s  t o  move a t  t h e  same time. 
The v a l i d a t i o n  r e s u l t s  d i s c u s s e d  i n  t h i s  r e p o r t  s u g g e s t  t h e  model  w i l l  
p e r f o r m  f a v o u r a b l y  i n  t h e s e  a r e a s  o f  a p p l i c a t i o n .  

REFERENCES 
BRAINARD, W. AND TOBIN, J. (1968) P i t f a l l s  i n  F i n a n c i a l  Model B u i l d i n g .  
American Economic Review 58 ( 2 ) :  99-122. 
CHOW, G.C. (1975) Ana l ys i s  and C o n t r o l  o f  Dynamic Economic Systems. 
John Wi ley  & Sons. 
COEN, R.M. (1975) Investment  Behaviour,  The Measurement o f  D e p r e c i a t i o n  
and Tax P o l i c y .  American Economic Review 65 (1):59-74. 
COURT, R.H. ( 1 % 7 )  Supply Response o f  New Zealand Sheep Farmers. Economic 
Record 43:289-302. 
DUNKLEBURG. W.C. AND STAFFORD, F.P. (1971) Debt i n  t h e  Consumer P o r t f o l i o :  
Evidence From a Panel Study. American Economic Review 61 (4 ) :  598-613. 
EVANS, L. AND MORGAN, G. (1982a) The Se rv i ce  P r i c e  Concept, P r o j e c t  on 
Economic Planning,  Occasional  Paper No. 50, V i c t o r i a  U n i v e r s i t y ,  
We l l i ng ton .  
EVANS, L. AND MORGAN, G. (1982b) C a p i t a l  Se rv i ce  P r i c e s  f o r  A q r i c u l t u r a l  
I n p u t s  P r o j e c t  on Economic Planning,  Occas ional  Paper No. 53, 
V i c t o r i a  U n i v e r s i t y ,  We l l ing ton .  h 
FREEBAIRN, J. W. (1973) Some Es t imates  of  Supply and I nven to ry  Response 
Func t i ons  f o r  t h e  C a t t l e  and Sheep Sec to r  o f  New South Wales, 
Review o f  Marke t inq  and A q r i c u l t u r a l  Economics 41: 53-90. 
GLAU, T.E. (1971) The Impact o f  Tax P o l i c y  on A q r i c u l t u r a l  Investment  
i n  A u s t r a l i a .  Department of  A g r i c u l t u r a l  Economics, Mimeographed 
Repor t  No. 5, U n i v e r s i t y  o f  Sydney. 
GUARNIERI R.L. (1973) Shor t  Run Supply.  Southern Economic J n l  40 (1 ) :  9-11. 
HAMBURGER, M.J. (1968) Household Demand f o r  F i n a n c i a l  Assets. Econometr ica 
36 ( l ) :  97-118. 
HARVEY, A.C. (1981) The Econometr ic Ana l ys i s  o f  Time Se r i es  P h i l i p  A l l a n  
P u b l i s h e r s  L t d .  
HILL, B. (1982) Concepts and Measurement o f  t h e  Incomes, Wealth and 
Economic Wel l -be ing o f  Farmers. J n l  o f  A q r i c u l t u r a l  Economics 
33 (3 ) :  311-323. 
JARVIS, L.S. (1974) C a t t l e  as C a p i t a l  Goods and Ranchers as P o r t f o l i o  
Managers: An A p p l i c a t i o n  t o  t h e  A rgen t i ne  C a t t l e  Sector .  Jou rna l  o f  
P o l i t i c a l  Economy 82: 489-520. 
LAING, M.T. (1982) The New Zealand P a s t o r a l  L i ves tock  Sector :  An 
Econometr ic  Model (Ve rs i on  Two), AERU, Research Report  No. 127. 
LAING, M.T. AND ZWART, A.C. (1981) The New Zealand P a s t o r a l  L i v e s t o c k  Sec to r :  
a p r e l i m i n a r y  econometr ic  model. AERU, D i scuss ion  Paper No. 54. 
MARKOWITZ, H.M. (1959) P o r t f o l i o  S e l e c t i o n  - E f f i c i e n t  D i v e r s i f i c a t i o n  o f  
Investments .  Cowles Foundat ion Monograph 16. Yale U n i v e r s i t y  Press. 
NADIRI, M.I. A N D  ROSEN, S. (1969) I n t e r r e l a t e d  Fac to r  Demand Funct ions.  
American Economic Review 59: 457-471. 
PARKIN, M .  (1970) Discount House P o r t f o l i o  and Debt Se l ec t ion .  Review 
of Economic S t u d i e s  37 ( 4 ) :  469-497. 
PENSON, J.B. ( J n r ) ,  HUGHES, D.W. AND NELSON, G.L .  (1977) Measurement of 
c a p a c i t y  Deprec ia t ion  Based on €nginee;ing Data. American Journa l  
of A q r i c u l t u r a l  Economics 59 ( 2 ) :  321-329. 
PENSON, J.B. ( J n r ) ,  R O M A I N ,  R.F.J. AND HUGHES, D.W. (1981) Net Investment 
i n  F  arm ~ r a c t o r s . :  ~ n -  Econometric ~ n a l ~ s i s .  American Journa l  of 
A q r i c u l t u r a l  Economics 63 ( 4 ) :  629-635. 
PERRIN, J.R. (1980) A no t e  on t h e  'Zero Row-Sum' Proper ty  of  Mean-Variance 
P o r t f o l i o  A l loca t ion  Models. Economic Record 56 (152) :  91-93. 
PURVIS, 0.0.  (1978) Dynamic Models of P o r t f o l i o  Behaviour: More on P i t f a l l s  
i n  F i n a n c i a l  Model Bui ld ing .  American Economic Review 68 ( 3 ) :  403-409. 
REINSEL AND REINSEL (1979) Economics of  Asset Values and Current.  Incomes 
i n  Farming, American Journa l  of  A q r i c u l t u r a l  Economics 61: 1093-1097. 
REYNOLDS, R . G .  AND GARDINER, B. (1980) Supply Response In The Aus t r a l i an  
Sheep Indus t ry :  A Case f o r  Disaggregat ion and Dynamics. Aus t r a l i an  
Journa l  of  A q r i c u l t u r a l  Economics 24: 196-209. 
SHALIT, H .  AI40 SCHMITZ, A .  (1982) Farmland Accumulation and P r i ces .  
American Jou rna l  of A q r i c u l t u r a l  Economics 6 4 ( 4 ) :  710-719. 
SHARPE, 1. (1973) A Q u a r t e r l y  Econometric Model of  P o r t f o l i o  Choice - 
P a r t  I :  S p e c i f i c a t i o n  and Es t imat ion  Problems. Economic Record 
49 (128) :  518-533. 
SHARPE, I .  (1974) A Q u a r t e r l y  Econometric Model of P o r t f o l i o  Choice - 
P a r t  11: P o r t f o l i o  Behaviour of  Aus t r a l i an  Savings Banks. Economic 
Record 50 (129)  : 
SMITH, G.  (1978) Dynamic Models of P o r t f o l i o  Behaviour: Comment on 
Purv is .  American Economic Review 68 ( 3 ) :  410-416. 
STANBRIDGE, R.J. (1973) Sources and Uses of Funds i n  t h e  New Zealand Farm 
Sec to r .  A u s t r a l i a n  Journa l  of  A q r i c u l t u r a l  Economics 17 (l): 17-32. 
TRAILL.,  8. (1982) The E f f e c t  of  P r i c e  Support P o l i c i e s  on A g r i c u l t u r a l  
Investment,  Employment, Farm Incomes and Land Values i n  t h e  United 
Kingdom. Jou rna l  of  A q r i c u l t u r a l  Econpmics 33 (3 ) :  369-385. 
TWEEDIE, A.J., AND SPENCER, G . H .  (1980) Supply  Behaviour i n  New Zealand 
Export I n d u s t r i e s  Reserve Bank of New Zealand Discussion Paper 
M/80/1. Well ington.  
A P P E N D I C E S  

APPENDIX 1 
SERVICE PRICES AND CAPITAL INVESTMENT B E H A V I O U R  
I N  THE PASTORAL LIVESTOCK SECTOR 
1. Introduction 
I n  undertaking capi ta l  investment, investors do not only respond 
to  the nominal price of the capi ta l  good, b u t  a lso t o  a complex array 
of different  economic factors .  These influences include: (1) the tax 
depreciation allowances available following purchase of the capi ta l  good, 
( 2 )  the tax r a t e  faced by a particular investor,  ( 3 )  in te res t  ra tes ,  
both f ree  market and concessionary, (4)  the r a t e  the capi ta l  good decays 
physically, and (5) the proportion of cap i t a l  expenditure financed from 
borrowing a t  concessionary in t e res t  ra tes .  Taken together, these fac tors  
adjust the nominal cost of capi ta l  goods t o  a capi ta l  price ref lect ing 
the t rue cost t o  the investor of undertaking cap i t a l  investment, i . e .  
the service price. . 
2. The Service Price Derived 
Given a s e t  of simplifying assumptions, a service price can 
be derived formally, so tha t  a mathematical formula for the service 
price i s  generated. Evans and Morgan (1982) derive service prices 
for capi ta l  inputs used i n  the agricul tural  sec tor ,  u t i l i s ing  assumptions 
regarding: 
(i) The objectives of the farmer (assumed t o  maximise discounted 
net p r o f i t s ) .  
(ii) The technology used by the farmer (assumed fixed).  
(iii) The farmer ' S  expectations (assumed t o  have perfect 
cer tainty regarding the growth r a t e  of input and 
output pr ices) .  
( i v )  The physical decay of capi ta l  goods (assumed capi tal  
has the same productive charac ter i s t ics  whatever its 
age, and tha t  it decays a t  an exponential r a t e ) .  
( v )  The costs involved i n  i n s t a l l i ng  new capi ta l  goods 
and bringing them into the production process (assumed 
cost less ,  and tha t  capi ta l  is  instantaneously purchased 
and p u t  t o  work). 
Though limiting i n  terms of describing the actual  environment 
faced by the farmer, these assumptions do allow an analytically derived 
service price to  be generated. Such a service pr ice i s  shown by the 
equation below describing a service price for land improvements, buildings 
and plant and machinery, reported by Evans and Morgan (1982b). 
where sp = service price.  
PK = price index of capi ta l  good. 
U = the tax r a t e  faced by farm investors.  
r = ( l-u)r t  + W where W is a r i sk  premium accounting for 
the uncertainty associated w i t h  investment. 
r 1  = the market r a t e  of in t e re s t ,  taken t o  be the r a t e  
paid on new mortgages. 
r l t  = -  r-v where u is the r a t e  of general price movements. l+\ 
r"' = the concessionary ra te  of in t e re s t  available to  farmers. 
6 = the r a t e  of physical decay i n  the cap i t a l  good. 
B = the present value of tax depreciation allowances arisiGg 
from a dol lar  of capi ta l  investment. 
B = d ( t )  t where d = depreciation allowance. + r  
e = the proportion of capi tal  expenditure financed o u t  
of equity or borrowed a t  the market r a t e  of in te res t .  
I t  can be seen from the equation tha t  the service price is  made 
up of three major components: 
(i) r" + 6 ,  representing the cost of i n t e r e s t  payments and 
expenditures required to  maintain the cap i t a l  good. 
(ii) u(Br" + 5 ) ,  representing the tax savings ar is ing from 
tax depreciation allowances, i n t e re s t  payment, and 
maintenance expenditures. 
rm (iii) r"  ( l - e )  (l-U)-l), representing the debt servicing 
advantages of concessionary in t e res t  ra tes .  
The f i r s t  component of the service price has a posit ive effect  on 
the service price,  while the l a t t e r  two w i l l  reduce the service price,  
i . e .  the e f fec t ive  cost t o  the farmer of additional capi ta l  investment. 
3. Q u a n t i t a t i v e  Estimates o f  Service Pr i ces  
I n  computing these serv ice p r i ces  f o r  each c a p i t a l  and farm type 
data f o r  i n d i v i d u a l  components o f  the se rv i ce  p r i c e  must be e i t he r  
co l lec ted  o r  assumed. The data u t i l i s e d  are  now described i n  more 
d e t a i l ,  bu t  f o r  ac tua l  values and complete desc r ip t ion  o f  each data 
ser ies  the data summaries ava i lab le  from the  authors should be consulted. 
3.1 The Cap i t a l  P r i ce  Index (pk) Cap i t a l  p r i c e  ind ices  are 
ava i lab le  f o r  bu i ld ings ,  p l an t  and machinery, t ranspor t  vehic les,  and 
land improvements from the New Zealand Department o f  S t a t i s t i c s  pub l i -  
ca t ion  "Agr i cu l tu re  S t a t i s t i c s " .  
3.2 The Tax Rate (U) Evans and Morgan (1982b) assume the 
re levant  tax  r a t e  fac ing  farm investors  t o  be the ac tua l  average r a t e  
o f  tax  pa id  by farmers. From t h e i r  data, the  t ax  r a t e  i s  found t o  
range from 15.7 percent t o  38.2 percent. The use o f  the ac tua l  tax  
r a t e  pa id  by farmers w i l l  tend t o  under-estimate the tax-saving advahtages 
o f  c a p i t a l  investmnet, s ince the l e v e l  o f  the  ac tua l  tax  r a t e  pa id  by 
farmers i s  as much a product o f  the investment decis ion,  as i t  i s  a 
determinant o f  the l e v e l  o f  funds ava i l ab l e  f o r  investment and the 
p o t e n t i a l  t ax  savings from c a p i t a l  investment. I t  would seem reasonable 
t h a t  i n  determining the l e v e l  o f  c a p i t a l  investment undertaken, farmers 
respond t o  t h e i r  expected marginal r a t e  o f  taxat ion.  Analysis o f  the 
cash ne t  farm income o f  the " A l l  Class Average" farm i n  the New Zealand 
Meat and Wool Boards1 Economic Service farm survey, reveals t h a t  sheep 
and beef farmers have cons is ten t l y  been f ac i ng  a marginal tax  r a t e  
between 50 and 60 percent over the past  20 years. The Dai ry  Board's 
survey o f  f ac to r y  supply da i r y  farms shows da i r y  farmers t o  have 
faced marginal  tax  r a tes  o f  between 30 and 50 percent. For the purposes 
of c a l c u l a t i n g  serv ice p r i ces  marginal r a t es  of 60 and 50 percent have 
been assumed f o r  sheep and beef, and d a i r y  farmers respect ive ly .  
3.3 The A f t e r  Tax Rate o f  I n t e r e s t  ( r )  Evans and Morgon (1982b) 
assume the  market r a t e  o f  i n t e r e s t  ( r ' )  t o  be equal t o  the r a t e  of 
i n t e r e s t  pa i d  on new mortgages. Ad jus t ing t h i s  i n t e r e s t  r a t e  by one 
minus the  t a x  ra te ,  generates the a f t e r  tax  i n t e r e s t  ra te .  A r i s k  
premium o f  n ine  percent f o r  investment i n  land development, p l an t  
and machinery, and equipment, was then added t o  t h i s  a f t e r  tax  r a t e  
( a  r i sk  premium of 13 percent was assumed for the farmland service 
p r i ce ) .  The use of the risk premium by Evans and Morgan (1982b) arose 
because the r ea l  i n t e re s t  ra te  ( r " )  became negative i n  some years when 
the growth i n  the overal l  price level  (v) was greater  than the a f t e r  
tax in te res t  r a t e  ( r ) .  The dominance of the r e a l  i n t e re s t  ra te  i n  the 
service price formula ensures tha t  a negative r ea l  i n t e re s t  ra te  usually 
produces a negative service price,  A r isk premium of 15 percent is 
assumed i n  calculating service prices for the current research, 
The growth i n  the overall  price level  is  calculated by regressing 
the proportion prices paid by farmers for farm inputs (PPF) changed 
between years against time. 
P P F - P P F  (-1) = y = a + B t  
PPF (-1) 
is s e t  equal t o  the calculated values for  Y using the estimated 
equation. . 
For sheep and beef farms, v is calculated from the prices paid 
by sheepfarmers index (PPBS), while for dairyfarmers a corresponding 
index (PPBD) is used. 
3.4 The Rate of Physical Decay of the Capital Stock ( 6 )  I n  assum- 
ing a constant decay r a t e ,  capi ta l  is assumed t o  possess the same 
productive charac ter i s t ics  irrespective of its age so tha t  the capi ta l  
stock as a whole decays exponentially. While the mechanistic decay 
of capi ta l  is  a common assumption i n  studies investigating capi ta l  
investment, it  is probably quite an unrea l i s t ic  assumption. The r a t e  
of physical decay of the capi ta l  stock is an economic decision i n  
i t s e l f ,  affected by the level  of maintenance expenditure undertaken 
on the capi ta l  goods, the intensi ty  w i t h  which the cap i t a l  goods are 
used, and the age s t ruc ture  of the capi ta l  stock. Although the capi ta l  
investment model developed i n  t h i s  report does not assume exponential 
decay i n  the cap i t a l  stock, for ease of calculating service prices 
exponential decay is assumed. For land and buildings 6 is  s e t  equal 
t o  0.02, while for  plant ,  machinery and transport  vehicles i t  i s  
assumed to  be 0.067. 
3.5 Tax Depreciation Allowances Investment and ordinary tax 
depreciation allowances over the accounting l i f e  of an asset  were 
deflated to  derive the present value of tax depreciation for a dollar 
of capi tal  investment i n  any particular year. The present value changed 
over time as taxation policy altered depreciation allowances. For land 
investment, capi ta l  developments were assumed t o  be to t a l ly  tax deduct- 
i b l e  i n  the year the expenditure was undertaken giving a present value 
of 1 for every additional dol lar  of investment. 
3.6 The Proportion of Capital Expenditure Financed Out  of Equity 
or Borrowed a t  the Market Rate of Interest  ( e )  Evans and Morgan (1982b) 
generate "eW from the NZMWBES "Farm Survey" data for the " a l l  classes 
averageu farm, where e is  equal to  the ra tbbe tween  net worth and t o t a l  
farm assets ,  equivalent t o  one minus  the r a t i o  between t o t a l  l i a b i l i t i e s  
and t o t a l  farm asse ts  ( the  leverage fac tor ) .  Based on t h i s  calculation, 
e is  found to  range from around 0.7 to  0.8. Therefore, only about 20 
t o  30 percent of new cap i t a l  investment is assumed to  be financed at ,  
concessionary in t e res t  ra tes .  
By assuming e to  be determined by the r a t i o  between net worth 
and t o t a l  farm asse ts ,  it i s  also assumed tha t  the financing of invest- 
ment i s  a mechanistic process. However, the financing of a particular 
investment is  as much an economic decision facing the farmer as the 
level  of investment. A p r io r i ,  i t  would be expected tha t  the method 
of financing an investment is determined by: 
(i) The type of capi ta l  good. 
(ii) The amount of finance required. 
(iii) The ava i l ab i l i t y  of concessionary finance. 
( i v )  The difference i n  the price of concessionary finance from 
the market r a t e  of in te res t .  
( v )  The leve l  of cash net income. 
( v i )  The return available from off-farm investments. 
For example, the ava i lab i l i ty  of concessionary finance is  l ike ly  
t o  make it a t t r ac t ive  for  the farmer to  increase the leverage factor 
i n  order t o  finance new capi ta l  investment. I n  years of high cash 
net incomes, leverage may be reduced and equity financing increased 
i n  order t o  take advantage of tax depreciation allowances. Even i n  
years of high net incomes, leverage may r i s e  if concessionary funds  
a re  available and off-farm investments are a t t r ac t ive .  
For the purposes of the present research, e is assumed t o  be 0.5. 
m 3.7 The Concessionary In teres t  Rate ( r m )  r is defined by Evans 
and Morgan (1982b) as  the r a t i o  between in t e res t  paid and t o t a l  l i a b i l i -  
t i e s ,  again derived from farm survey data. The generated se r i e s  for 
rm may not t r u l y  r e f l ec t  the actual concessionary r a t e s  faced by farmers 
for  new capi ta l  investment. Since the in t e res t  paid by farmers a r i ses  
from debts t o  different  in s t i tu t ions ,  w i t h  d i f fe rent  terms, amounts, 
and especially age, the r"' calculated is  more of a long term average 
in t e res t  ra te .  
A bet ter  measure of r m  would be obtained i f  actual  concessionary 
in t e res t  ra tes  available from the Rural Banking and Financing Corpor,ation 
for  different  categories of capi ta l  stock were collected. I n  the 
absence of any re l iab le  data of t h i s  nature, the def ini t ion proposed 
by Evans and Morgan (1982b) is u t i l i sed .  
4. Final Comments 
The application of service prices t o  capi ta l  investment behaviour 
appears to  be a useful way of incorporating a large number of relevant 
variables into one measure of the effect ive cost of cap i t a l  t o  investors. 
However, the assumptions used i n  calculating the service price are 
c r i t i c a l  i n  determining the leve l  and trend i n  service prices over 
time. Indeed, some of the assumptions necessary i n  calculating a 
service price are related t o  phenomenon that  are  themselves being 
investigated using the service price,  e.g., the proportion of new 
cap i t a l  financed out of equity. Given thesel imitat ions the calculated 
service prices can only be  seen as  indicative of trends i n  the t rue 
service prices facing individual farmers, and the changing r e l a t i v i t i e s  
between service prices. 
APPENDIX I1 
THE TREATMENT OF PHYSICAL DECAY I N  THE CAPITAL STOCK 
I n  the o r i g i n a l  spec i f i ca t i ons  se t  out  i n  sec t ion  2.2.4, i t  can 
be seen t h a t  net  c a p i t a l  investment (equations 26 t o  28) are behavioural 
equations whi le replacement and gross investment, and the  c a p i t a l  stock, 
are generated by i d e n t i t i e s .  The. behavioural es t ima t ion  o f  net  invest -  
ment i s  a r e s u l t  o f  d e r i v i n g  the  es t imat ing form (Equation 50) above. 
The change i n  the asset l e v e l  i s  equivalent  t o  ne t  c a p i t a l  investment. 
Replacement investment i n  sect ion 2.4.2 i s  spec i f i ed  as fo l lows:  
where R I  = replacement investment 
G 1  = gross investment 
L 
and D = p ropor t ion  o f  gross investment decaying 
T r a d i t i o n a l l y  replacement investment i s  spec i f i ed  i n  terms o f  the c a p i t a l  
stock, e.g. 
R I = 6 STK(-1) 
where STK(-1) = c a p i t a l  s tock i n  per iod t-l, 
and B = r a t e  o f  phys ica l  decay o f  c a p i t a l  s tock 
Therefore, the c a p i t a l  stock decl ines a t  a geometric r a t e  over an 
i n f i n i t e  t ime horizon. The two major imp l i ca t ions  o f  t h i s  way o f  
handl ing deprec ia t ion are: 
(a)  the geometric decay pa t t e rn  imp l ies  the  c a p i t a l  stock 
decays by successively smaller amounts over time. 
(b)  a geometric decay process assumes t h a t  a l l  c a p i t a l  has 
the same product ive  charac te r i s t i cs ,  no matter  what i t s  
age. Therefore, the  age s t ruc tu re  o f  c a p i t a l  i s  unimport- 
ant i n  assessing the  t r u e  product ive value o f  c a p i t a l  stock. 
Equation (1)  o f f e r s  a more f l e x i b l e  approach t o  ca l cu l a t i ng  replace- 
ment investment, and i s  u t i l i s e d  i n  the research of Coen (1975), 
Penson e t  a l .  (1977) , and Penson e t  a l .  (1981). I f  i n  equation ( 1) 
d i + l  = di f o r  a l l  i, over a f i n i t e  asset l i f e t i m e  o f  n, then a s t r a i gh t -  
1 l i n e  depreciat ion pa t t e rn  i s  assumed. I f  di = B f o r  n = m then the 
geometric decay pa t t e rn  i s  generated. Another popular deprec ia t ion 
pa t t e rn  i s  the so c a l l e d  "one hoss shayw or " l i gh tbu lb "  pa t t e rn  when 
a l l  the  depreciat ion occurs i n  the  f i n a l  year of the  assets serv ice  
l i f e  i . e .  di = 0 f o r  i = 1 .... n - 1, then dn = 1. 
Coen's (1975) study of a l t e r n a t i v e  deprec ia t ion pa t te rns  ca lcu la ted 
the c a p i t a l  stock, and ne t  and replacement investment assuming d i f f e r e n t  
deprec ia t ion pat terns  and asset serv ice  l i v e s .  A behavioural  equation 
was then estimated for  ne t  investment w i th  the goodness o f  f i t being 
evaluated on the basis of the  regress ion 's  standard e r r o r  and the plaus- 
i b i l i t y  of the est imated coe f f i c i en t s  s izes and signs. For investment 
i n  bu i ld ings ,  the "one hoss shayw and s t r a i g h t  l i n e  deprec ia t ion pat terns  
produced net  investment se r i es  which best  f i t t e d  the regress ion s p e c i f i -  
ca t ions  estimated. For p l a n t  and machinery, a geometric decay pa t t e rn  
w i t h  a f i n i t e  serv ice  l i f e  was suggested by the regress ion r e s u l t s  as 
an appropr iate deprec ia t ion pat tern .  
Penson e t  a l .  (1977) s tud ied  investment i n  farm t r a c t o r s  which 
u t i l i s e d  depreciat ion r a tes  obtained from engineering t r i a l s .  They 
found t h a t  deprec ia t ion d i d  no t  fo l l ow the convex p a t t e r n  generated 
by geometric decay, r a t he r  a concave pa t t e rn  was estimated. That 
i s ,  the r a t e  of deprec ia t ion increases ra the r  than dec l ines over time. 
Fo l lowing up on t h i s ,  Penson e t  a l .  (1981) then est imated regression 
equations for  net  investment i n  t r a c t o r s  assuming d i f f e r e n t  deprec ia t ion 
pat terns .  As they expected, the  best  r e s u l t s  were obtained from t h e i r  
concave deprec ia t ion pat tern .  They a lso  found t h a t  the  "one hoss 
shay" and s t r a i g h t  l i n e  deprec ia t ion pat terns  performed b e t t e r  than 
the  goemetric pat tern.  These a l t e r n a t i v e  deprec ia t ion pa t te rns  have 
been u t i l i s e d  i n  t h i s  study. The investment se r i es  f o r  p lan t ,  
machinery, and t ranspor t  veh ic les  i s  estimated assuming a concave 
deprec ia t ion pa t t e rn  over a f i n i t e  s e r v i c e - l i f e  o f  15 years. A s t r a i gh t -  
l i n e  pa t t e rn  f o r  investment i n  l and  development and b u i l d i n g s  w i l l  be 
assumed w i t h  a 50 year se rv i ce  l i f e  for  the c a p i t a l  invested.  
APPENDIX I11 
VARIABLE NAME DEFINITIONS 
For Tables 2-7 
Note 1. variables prefixed by C denotes f i r s t  differences for use i n  
equations 
2. variables prefixed by DB a l l  r e l a t e  to  average dairy farm as 
per N.Z. Dairy Board's farm survey. 
3 .  variables prefixed MWB a l l  r e l a t e  to  " a l l  c l a s s  average" sheep 
and beef farm as  per N.Z. Meat and Wool Boardsf Economic 
Service 's  farm survey. 
4. a l l  monetary data unless otherwise s ta ted ,  deflated by prices 
paid by sheep and beef farmers or dairy farmers as  appropriate, 
base year 1977 = 1000. 
CDBGY D 
C D R l  
gross farm income per dairy farm, $ 
market in t e re s t  r a t e  on new mortgages deflated by consumer price 
index (CPI) , equal to  C R 1 .  L 
change i n  dairy farm land price index a t t r ibutable  t o  capi tal  
gain, deflated by CPI ,  
i n t e re s t  r a t e s  paid by dairy farmers ( in t e res t  payments per 
farm divided by t o t a l  l i a b i l i t i e s  per farm) deflated by CPI, 
farm-gate milkfat price (PDR) re la t ive  to  r ea l  service price 
for buildings investment on dairy farms (deflated by CPI), 
farm-gate milkfat price (PDR) re la t ive  to  r ea l  service price 
for plant and machinery investment on dairy farms (deflated 
by CPI 1 ,  
CDRA6 farm-gate milkfat price ( P D R )  re la t ive  to  r ea l  service price 
for land development investment on dairy farms (deflated by 
CPI)  , 
CMWBCAY available cash net income per sheep and beef farm, $ 
CMWBGY gross farm income per sheep and beef farm, $ 
C R 1  market in t e re s t  r a t e  on new mortgages deflated by CPI,  
CR2 grazing farm land price index a t t r ibutable  to  capi ta l  gain, 
deflated by CPI ,  
CR7 in t e res t  r a t e s  paid by sheep and beef farmers ( in t e res t  payments 
per farm divided by t o t a l  l i a b i l i t i e s  per farm) deflated by CPI ,  
CRA3 sheep and beef farmers1 terms of trade (pr ices  received to  prices 
paid) re la t ive  to  r ea l  service price for buildings investment on 



























sheep and beef farmers' terms of trade (pr ices  received t o  
prices paid) re la t ive  to  r ea l  service price for plant and 
machinery investment on sheep and beef farms (deflated by C P I ) ,  
sheep and beef farmers' terms of trade (pr ices  received to  prices 
paid) re la t ive  to  r ea l  service price for land investment on sheep 
and beef farms (deflated by CPI),  
tax depreciation claimed per dairy farm, $ 
f e r t i l i s e r  expenditure per dairy farm deflated by f e r t i l i s e r  
price,  $, 
gross income per dairy farm, $, 
gross income from milkfat per dairy farm, $, 
gross income from other sources per dairy farm, $, 
change i n  off-farm investment per dairy farm, $, 
off-farm investment per dairy farm, $, 
'o ther '  cash expenditure per dairy farm, $, 
repairs and maintenance expenditure per dairy farm, $, 
t o t a l  l i a b i l i t i e s  per dairy farm, $, 
b 
change i n  t o t a l  l i a b i l i t i e s  per dairy farm, $, 
change i n  number of open-market dairy farm u n i t s  sold per year, 
number of open-market dairy farm uni t  sa les  per year, 
change i n  t o t a l  dairy herd stock u n i t s ,  '000 S.U., 
change i n  t o t a l  sheep and beef stock u n i t s ,  '000 S.U., 
dummy variable accounting for 150 percent f e r t i l i s e r  tax 
concession i n  1974 (1974 = 1, 0 elsewhere), 
change i n  number of open-market grazing land farm u n i t s  sold 
per year, 
number of open-market grazing land farm u n i t s  sold per year, 
t o t a l  gross cap i t a l  expenditure net of sa les ,  on dairy farms 
($m) deflated by cap i t a l  price indices, divided by t o t a l  dairy 
herd stock u n i t s  ( '000 S. U. ) , 
t o t a l  gross capi ta l  expenditure net of sa les  on sheep and beef 
farms $m, deflated by capi ta l  price indices,  
available cash net income per sheep and beef farm, $, 
tax depreciation claimed per sheep and beef farm, $, 
drawings per sheep and beef farm, $, 
f e r t i l i s e r  expenditure per sheep and beef farm deflated by 
f e r t i l i s e r  price,  $, 
gross farm income per sheep and beef farm, $, 
gross farm income from beef per sheep and beef farm, $, 
MWBGYS gross farm income from sheepmeats per sheep and beef farm, $, 
MWBGYW gross farm income from wool per sheep and beef farm, 8, 
MWBINV off-farm investments per sheep and beef farm, $, 
MWBINVC change i n  off-farm investments per sheep and beef farm, 8 ,  


























net worth per sheep and beef farm, $, 
repairs and maintenance expenditure per sheep and beef farm, $, 
tax paid per sheep and beef farm, $, 
t o t a l  l i a b i l i t i e s  per sheep and beef farm, $, 
change i n  t o t a l  l i a b i l i t i e s  per sheep and beef farm, $, 
taxable net income per sheep and beef farm, 8 ,  
net capi ta l  investment i n  buildings on dairy farms, $m, 
net capi ta l  investment i n  buildings on sheep and beef farms, $m, 
net capi ta l  investment i n  land development and construction on 
dairy farms, $m, 
net capi ta l  investment i n  land development and construction on 
sheep and beef farms, $m, U 
net capi ta l  investment i n  plant,  machinery and transport  vehicles 
on dairy farms, $m, 
net capi ta l  investment in  plant, machinery and transport  vehicles 
on sheep and beef farms, $m, 
farm-gate milkfat prices c/kg, 
bulk r e t a i l  p r ice  of phosphatic f e r t i l i s e r ,  $ / t ,  
average schedule pr ice for PM lamb, including pe l t  and wool 
payments, c/kg, 
average schedule pr ice for Mcow c/kg, 
average schedule price for ML2 ewe, including pe l t  and wool 
payments, c/kg, 
average schedule price for P1 s t ee r ,  c/kg, 
average auction pr ice for new c l i p  greasy wool, c/kg, 
t o t a l  beef production, '000t (bone-in equivalent) ,  
t o t a l  lamb and mutton production, '000t (bone-in equivalent),  
manufacturing beef production, '000t (bone-in equivalent),  
t o t a l  milkfat processed by dairy f ac to r i e s ,  'OOOt, 
t o t a l  wool production, '000t (greasy equivalent) ,  
capi ta l  stock of buildings on dairy farms, $m, deflated by 
buildings cap i t a l  price index, divided by t o t a l  dairy herd 














t o t a l  c a p i t a l  s tock on da i r y  farms, $m, de f l a t ed  by c a p i t a l  p r i c e  
indices,  d i v ided  by t o t a l  da i ry  herd stock u n i t s  ( ' 000 S. U. ) , 
then m u l t i p l i e d  by 1,000, 
c a p i t a l  stock o f  l and  i n  da i r y  farms, $m, de f l a t ed  by land c a p i t a l  
p r i c e  index, d i v i ded  by t o t a l  da i r y  herd stock u n i t s  ( '000 S.U.), 
then m u l t i p l i e d  by 1,000, 
c a p i t a l  stock o f  b u i l d i n g s  on da i r y  farms de f l a t ed  by bu i l d i ngs  
c a p i t a l  p r i c e  index, $m, 
t o t a l  c a p i t a l  s tock o f  bu i ld ings,  land, p lan t ,  machinery, and 
vehic les on d a i r y  farms, def la ted by c a p i t a l  p r i c e  ind ices,  $m, 
t o t a l  c a p i t a l  s tock o f  bu i ld ings,  land, p lan t ,  machinery, and 
vehic les on sheep and beef farms, de f l a t ed  by c a p i t a l  p r i c e  
indices,  $m, 
c a p i t a l  stock o f  l and  on da i r y  farms de f l a t ed  by land  c a p i t a l  
p r i c e  index, $m, 
c a p i t a l  stock o f  l and  on sheep and beef farms de f l a t ed  by land 
c a p i t a l  p r i c e  index, $m, . 
c a p i t a l  stock o f  p l an t ,  machinery, and veh ic les  on d a i r y  farms 
de f la ted  by p l a n t  and machinery c a p i t a l  p r i c e  index, $m, 
c a p i t a l  stock o f  p l an t ,  machinery, and veh ic les  on sheep and 
beef farms de f l a t ed  by p l a n t  and machinery c a p i t a l  p r i c e  index, 
$m, 
t o t a l  da i ry  herd stock un i t s ,  '000 S.U., 
t o t a l  sheep and beef  stock un i t s ,  '000 S.U., 
f i r s t  year investment and tax  deprec ia t ion allowance on p l a n t  
and machinery, percentage, 
t ime t rend  (1960, 1961 .... ). 
APPENDIX I V  
COMPARING ORDINARY LEAST SQUARES (OLSQ) AND 
SEEMINGLY -UNRELATED REGRESSION (SUR) RESULTS~ 










Sheep and Beef Farm Drawings and P o r t f o l i o  Asset Behaviour 
MWBDW 401.08 277.75 69 
MWBINVC 545.75 280.35 51 
FMPRSEC 22.47 9.76 43 
NIBSB 3.97 2.54 64 
NIPMVSB 5.31 3.53 66 
NILSB 12.38 5.01 40 
MWBTLBC 1896.74 1317.05 69 
D a i r y  Farm P o r t f o l i o  Asset Behaviour 
DBINVSC 310.19 246.23 79 
DFMPRSC 98.07 84.27 86 
NIBDY 1.97 1.36 69 
NIPMVDY 2.15 1.49 69 
NILDY 1.84 1.19 65 
DBTLBC 2185.32 2174.30 99 
a Apart  from the  sheep and beef farm drawings and p o r t f o l i o  asset  equations, 
OLSQ and SUR equation s p e c i f i c a t i o n s  i d e n t i c a l .  

APPENDIX V 
Va r iab le  Name D e f i n i t i o n s  
For Tables 8-11 
Note: A l l  monetary data, unless o therwise  s ta ted ,  d e f l a t e d  by index o f  
p r i c e s  p a i d  by sheep and beef  farmers o r  d a i r y  farmers as app rop r ia te  
(base 1977 = 1000) 
DKBBC Change i n  numbers o f  beef  b reed ing  cows, '000 hd. 
DKBC Change i n  numbers of beef h e i f e r s  l e s s  than one years o ld ,  '000 hd. 
DKBH Change i n  numbers of beef  h e i f e r s  one t o  two years o ld ,  '000 hd. 
DKBHOB Change i n  numbers of beef b reed ing  cows and o ther  beef  c a t t l e  
(DKBBC + DKOB), '000 hd. 
DKD Change i n  numbers o f  m i l k i n g  cows, '000 hd. 
DKDH Change i n  numbers of  d a i r y  h e i f e r s  l e s s  than one years o ld ,  '000 hd. 
DKE Change i n  number o f  breedingewes, '000 hd. b 
DKEOS Change i n  number o f  breeding ewes and o the r  sheep (DKE + DKOS), 
' 000 hd. 
DKHGT Change i n  number o f  ewe hoggets, '000 hd. 
DKOB Change i n  number o f  ' o t h e r '  beef  c a t t l e ,  '000 hd. 
DKOS Change i n  number o f  ' o t h e r '  sheep, '000 hd. 
DPWR Change i n  average auc t i on  p r i c e  f o r  new c l i p  greasy wool, c/kg. 
DWB Change i n  number o f  days o f  s o i l  mo is tu re  d e f i c i t  weighted by 
d i s t r i b u t i o n  o f  beef  c a t t l e  popu la t ion .  
DWD Change i n  number o f  days o f  s o i l  mo is tu re  d e f i c i t  weighted by 
d i s t r i b u t i o n  o f  d a i r y  c a t t l e  popu la t i on .  
DWS Change i n  number o f  days o f  s o i l  mo is tu re  d e f i c i t  weighted by 
d i s t r i b u t i o n  o f  sheep f l o c k  popu la t ion .  
G O V T l  Dummy v a r i a b l e  account ing f o r  payments made under 1972 s tock  
r e t e n t i o n  scheme ( 1  i n  1972, -1 i n  1973, 0 elsewhere). 
KBBC Number o f  beef breeding cows, '000 hd. 
KBC Number o f  beef h e i f e r s  l e s s  than one years o ld ,  '000 hd. 
KBH Number of beef h e i f e r s  one t o  two years o ld ,  '000 hd. 

























Number of d a i r y  h e i f e r s  l e s s  than one years o ld ,  '000 hd. 
Number of  breeding ewes, '000 hd. 
Number o f  ewe hoggets, '000 hd. 
Number of  ' o t h e r '  beef  c a t t l e ,  '000 hd. 
Number OF ' o t h e r '  sheep, '000 hd. 
Net c a p i t a l  investment i n  b u i l d i n g s  on d a i r y  farms d e f l a t e d  by 
b u i l d i n g s  c a p i t a l  p r i c e  index, $m. 
Net c a p i t a l  investment i n  l a n d  development and c o n s t r u c t i o n  on 
d a i r y  farms d e f l a t e d  by l a n d  c a p i t a l  p r i c e  index, $m. 
Net c a p i t a l  investment i n  l a n d  development and c o n s t r u c t i o n  on 
sheep and beef farms d e f l a t e d  by l a n d  c a p i t a l  p r i c e  index, $m. 
Farm-gate m i l k f a t  p r i c e ,  c/kg. 
Average schedule p r i c e  f o r  PM lamb, i n c l u d i n g  p e l t  and wool payments, 
c/kg. 
Average schedule p r i c e  f o r  M cow, c/kg. 
Average schedule p r i c e  f o r  ML2 ewe, i n c l u d i n g  p e l t  and wool payments, 
c/kg. 
Average schedule p r i c e  f o r  P1 s tee r ,  c/kg. 
Average auc t i on  p r i c e  f o r  new c l i p  greasy wool, c/kg. 
M i l k f a t  p r i c e  (PDR) r e l a t i v e  t o  wool p r i c e  (PWR). 
Lamb p r i c e  (PLR) r e l a t i v e  t o  pr ime beef  p r i c e  (PPBR). 
Prime beef  p r i c e  (PPBR) r e l a t i v e  t o  m i l k f a t  p r i c e  (PDR). 
Prime beef p r i c e  (PPBR) r e l a t i v e  t o  lamb p r i c e  (PLR). 
Prime beef  p r i c e  (PPBR) r e l a t i v e  t o  wool p r i c e  (PWR). 
Wool p r i c e  (PWR) r e l a t i v e  t o  lamb p r i c e  (PLR). 
Wool p r i c e  (PWR) r e l a t i v e  t o  mutton p r i c e  (PMR). 
Wool p r i c e  (PWR) r e l a t i v e  t o  pr ime beef  p r i c e  (PPBR). 
T o t a l  lamb product ion,  '000 t (bone-in equ iva len t ) .  
T o t a l  mutton product ion ,  '000 t (bone-in equ iva len t ) .  









T o t a l  m i l k f a t  p roduct ion  ( ' 0 0 0  t )  d i v i d e d  by lagged number o f  
m i l k i n g  cows ( '000 hd).  
Prime beef product ion, '000 t (bone-in equ iva len t ) .  
T o t a l  wool product ion,  '000 t (greasy equ iva len t ) .  
C a p i t a l  s tock  of b u i l d i n g s ,  p l a n t ,  machinery, and veh ic les  on 
d a i r y  farms ($m), de f l a ted  by c a p i t a l  p r i c e s  i n d i c e s ,  d i v i d e d  
by t o t a l  d a i r y  herd s tock  u n i t s  ( ' 000  SU). 
C a p i t a l  s tock  o f  l a n d  on sheep and beef  farms ($m), d e f l a t e d  by 
l a n d  c a p i t a l  p r i c e  index, d i v i d e d  by t o t a l  sheep and beef  s tock  
u n i t s  ( '000 SU) . 
T o t a l  beef  c a t t l e  s tock u n i t s .  ( '000 SU). 
T o t a l  sheep s tock  u n i t s  ( ' 000  SU). 
Time t r end  (1960, 1961 . . . ) . 

APPENDIX V 1  
EXPORT VOLUME AND VALUE I D E N T I T I E S  































































